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FOREWORD

This technical report was prepared by AAI Corpcration of Cockaysvillas, _
Maryland and constitutes the final report under U. S, Army Natick laborstcries S E
Contract No. DAAGL7-C-68-0036 and Pr- act No. IM121401D195. The contract is for N
the in-depth investigation of a low & titude airdrop concept for the mass . B
delivery of supplies and equipment to & point whare the concapt may be salacted
for further investigation. The in-depth investigation was conducted as one of
two coordinated investigations under contract with the U. S. Army Natick
Laboratorias and responding to a Department of the Army reguirement for a
low altitude airdrop system for supplies and equipment. ‘
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ABSTRACT

. —tnara e m—

This technical report presents tha rasults of an in-depth explevatery
devalopment study of an ailrdrop system utilizing the recnvery parachurus to
=vtract as well as rscover the airdrop load, The purpose cf the study was
to achieve a lcw altitude capability by minimizing the altituda loss £ram
ths time that the load claars the aircraft until an acceptable impact val-city
is achievad., During the study, mathematical models were davelopzd ani programm. i
for computer solution which simulated the operation of an aivdrop system., This
analytical tool, coupled with experimental data derived frem a Limitad flighe
test prcgram, was utllized to concaptualize a configuration for an alvdrcp svstum
and predict its thecratical performance. From these studies emerged an uader-
standing of pcssible configusations for a low altitude airdrop system employing

the recovery parachutes for extraction.

ix

R ti-‘sdiﬁlﬂg.@ui&;,

J

B
sl

- ccllabian 1,5

il sy

e ratletlt e e,

T s ke LR s s

b iy



P i P
s ol UL S b AR

-

P ' e DRI N e Ry o S A Y N

I. INTRODUCT ION

EXTARP (Extraction by Inflation Aided Recovery Parachutes) is a concept
for an airdrop system where the main parachutes, in addition to controlling
the descent velocity, are also used to extract the cargo from the afrcraft.
This contrasts to the standard airdrop system where a separate parachute is
used to extract the cargo. The initial step in the sequence of operational
events is the deployment of the main parachutes. When first deployed these
parachutes are reefed to reduce the drag forces, and at this condition,
extraction of the cargo from the aireraft occurs. shortly after the cargo
clears the aircraft, the parachutes are disrcefed and application of the
parachute forces is transferred to the cargo suspension slings. When dis-
reefing occurs the parachutes inflate rapidly to their maximum drag configur-
ation and the system decelerates quickly to a safe descent velocity. The
rationale for this airdrop concept is that it minimizes the elapsed time from
the point where the cargo clears the aircraft until it is descending at a
safe touchdown velocity. Thus, the altitude loss before a safe descent
velocity is reached is also minmized and a low altitude delivery capability
is obtained.

The purpose of this program, Contract DAAG17-68-C-00,6, was to conduct
an in-depth exploratory development of this low altitude airdrop concept.
Extraction of the cargo using the recovery parachutes is not a new concept
and the ability to airdrop cargoes of special variety using this technique
has been well established. However, the feasibility of acquiring a low
level airdrop system that could be applied to general cargo use has never
been established. It was first exteonsively analyzed by this contractor under

" Contract DA19-129-AMC-846(N). During this program mathematical models were

developed and pcogrammed for computer solution which simulated the operation
ot an airdrop system. This analytical tool, pius, experimentation data
derived from a limited test program made it possible to conceptualize a
configuration for an airdrop system and predict its theoretical performance.
From these studies emerged an understanding of possible configurations for a
practical low altitude airdrop system which employed the recovery parachutes

- for extraction. It was indicated that a reefing technique would be effective

for controlling the level of the extraction forces as well as protect the
fragile G-11A parachute from destructfon during the initial stages of the
trajectory where absolute velocities are high, The need was recognized for
force attenuators to reduce peak loading due to parachute snatch and opening
shock forces. The use of inflation aids to reduce parachute inflation time
was desired, and iturther,extraction of the parachutes from the airplane was
recognized as a problem of principal concern. This program was addressed to
the task of developing practical answers for these problems so that designs
might be established for a low altitude airdrop system that can be used

for airdrop of general cargoes.

Component and system designs were generated based upon the findings

of the previous studies and general knowledge of airdrop techniques. A test
program was conducted at El Centro, California by the 65311th Test Group in

1
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cooperation with AAl to examine the performance characteristics of different

designs, Thirty-five (35) airdrops were accomplished of cargoes ranging

from 3500 to 25,000 pounds. Originally it had been planned to airdrop cargoes .
up to 35,000 pounds and conclude the program with a series of demonsatration
drops from a 500 foot altitude., Circumstances led to a curtailment of the
test program before airdrops of the 30,000 and 35,000 pound cargoes could be
achieved. Also, most of the demonatration airdrops from a 500 foot altitude
were eliminated and the only airdrops performed at this altitude were for a
15,000 pound cargo. The mathematical models developed in the previous program
were checked against the empirical data derived from the tests and refined,
whare necessary, so that good correlation of the theoretical and empirical
data was obtained. The mathematical models were then used to run parametric
analyses where the effects on performance of varying individual parameters
were computed, plotted and analyzed. This analytical process, insofar as
possible, was kept current with the test program and the results used to
indicate which component items should be varied and in what manner for sub-
sequent tests. In this manner the program has been used to examine the
feasibility, establish practical designs, and predict the performance for

this concept of a low altitude airdrop system.

In addition to addressing the basic problems of design and performance,
ancillary systems considerations were analyzed in detail and the results of
these ~tudies presented in various technical reports. These subjects
incli. ed systems reliability, aircraft and operational utilization, sensitivity
analyses, maintainability, safety and economical factors.

This report presents the principal findings of this program. Since
the effort has been rather extensive, it is impractical to report here much
of the details which substantiate these findings. These details have been *
included in other technir-l reports and reference to this material is provided
throughout this report.

P SV R — 0 S .

0 110 Bt 2o

ot i, saiotasstaion bt o+ eI i o

. bt

[PPTITRS S

o e B




O TR WU VU

11, CONTRACT REQUIREMENTS

A. System Performance Goals

Orientation of this in-depth exploratory investigation shall be
towards achievement of & system capable of use with U, S. Army and U, S, Air
Force rear loading cargo aireraft under the following conditions:

l.

2,

3.

10.

11.

12.

13.

At aircraft altitudes below 500 ft. above the terrain.

At aircraft speeds from 110 to 150 knots. Compatibility with
lower aircraft speeds down to 40 knots shall be investigated
for possible appiications,

With horizontal impact velocities not exceeding those of the
present system in ground winds from O to 15 knots,

In operations employing mass formations (30) of aircraft air-
dropping single and multiple cargo units.

With the fewest possible restrictions on drop zone character-
istics such as size, unobstructed area, flatness and texture
of terrain.

With a nominal vertical cargo impact velocity of 23 fps and
& maxirum of 28.5 fps at any terrain altitude between 0 and
5000 ft and simultaneously at any air temperature between
-659F and 100°F.

Without modification to the cargo other than minor modifications
which can be accomplished without special equipment.

With a reliability of .995 and an accuracy C.E.P. of 100
meters from the selected impact point.

For unit cargo gross weight from 2000 to 35,000 pounds on
present airdrop platforms and developmental aircraft unloading
kits,

With a minimum requirement for special training of usingtroops.

Without modification to airdrop aircraft other than those that
can be accomplished as a minor retrofit,

Without reduction of the present allowable cargo size envelope
for each type of aircraft.

Without reduction of present aircraft utilization for airdrop
or interference with paratroopers jumping after cargo.

3
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14. Under adverse weather conditions as outlined i{n AR 705-15.
Noting that -80°F is changed to -63°F,

e et eked i A

B. System Deaign Requirements

The final system must incorporace the following deaign requtrementé:

PP ST VI SIS ST

1, In-Flight Requirements

[ P

a. Load factors on the cargo and system components must

not exceed the following values until initiation of the airdrop sequence. ;

(1) Forward

4,0
(2) Afte 1.5 ;
(3) Lateral 1.5 !
(4) Up 2.0 'g
(5) Down 7.1 i

‘ b, Fresent rigging for inflight cargec restraint shall not
be significantly changed.

S B

c. Metal components in the extraction subsystem shall have 1
safety factors of 1.65 ultimate for cargoes with extracted weights under '
25,000 pounds and 1.75 ultimate for cargoes over 25,000 pounds. All other
metal components shall have a safety factor of 1.65 ultimate. The yield

gtrength for all metal components shall be at least 907 of the above required '
ultimate strengths. ’

d. The system shall be usable, within its weight limitations, *
for the airdrop of all Army material which is now airdroppable,

C. Specific Contract Requirements

Under this contract, detailed functional, operational, &nd economic
analyses of the system, bench and scale model tests, breadboard hardware
design, iabrication, and fuyll scale flight tests shall be performed. These

analyses shall determine the degree of conformity to the goals, requirements,
and characteristics of the system herein described.

} il 1 mm_‘_\nmm:

1. A complete review of the reports prepared under contracts
DA-19-  -AMC-846(N) and 851(N) along with familiarization of the work per-
formed in the preliminary exploratory phase shall be conducted. This
information combined with the concepts of inflation aids, extraction by

recovery } rachutes, and vent reefing techniques shall be optimized for the
low altitude airdrop system.
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a. 'The following components shall be investigated for
reoptinization:
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(1) Inflation atde (inflectors or other) - determination
of configuration, numbar and sice shall be eveluatad,

(2)~ Canthrliné renfing - éﬂtﬁ:ﬂinﬁilﬁggth'éf Line,

(5) Reefing line - datewnine r=-2very pavechute rv:fing
-~ line length us«d during =wtraction phase.

(4) R-~fing line cutt-rs - determine necassawr tim-
- delay(s).

(5) Oscillation damping para:hata - decarm.nu n=: 32,
configuretion and [ B8 . :

b, Conputer studies, performa*fv ensl ylil, scale mod:l t-=sts.
And full lclle drops shall be uaed,

2. Three aircraft, the C-130, C-141 an<¢ C-5A shall b investigate:
to détermine the differing chnrncteria:tel of each that will significantly
"affect the results of the studiel and analyses performed on the system.

3. Single cargn nt*drcp, intermittens cirgo alrdrop from & single
aizrcraft, and multipl: consecutive cargo atrdrcp f-om mass formations (50
aircraft) ahall be investigated. ,

4, Aircraft sefaty sghall, at ;11 timas, bw considexsd iun the
Jesign of all components. Analyses shall be perform-d to eliminat= any
‘possibility of an-event jeopardizing flight seiaty. Countermeasuz=s shall
also be incorporatei to countervact any system failur<s thet may affect tiighe
safaty. _ : ;
5. Approximately 25 to 35 tesns ahaLl b= conducted ~nc1uding
flight safety write off tests, component tests ard system tests. These tasts
shall be conducted at the 6511th Test Group, NAF, Bl Centre, Calif~rrnia and
~ shall culminate in a systsm demonstration»to“phaw faasibility of the system,

6. Results shall be presented including trajectcries and bedy
motions to determine the aifects of the system ~r-ratirn, The system por-
formance envalope shall ba dufined by parameter vartation such as carge
weight, alrcraft velocity and altitude, platform lungth, cargo c.g. lcoation
in aircraft, opening times and snatch forcws fur clustered parackutes. The
results will be corr=lated with the system flight rest data to preii-t r*-
performance of the eventual systsm which could b- zrveloped.

7. A high degeme of reliability wi'l b: an important considevgticn
in system design,

8. Ecr-omy in the system will be ﬁqF oty with en e ficrr e
keep costs to the loewest possible level consist-=t with meéeting the percorm-
ae gﬁats.»
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9. A thorough zzade->£f analysis shall ba performed conlider-
ing cthe affect of variation »f tha deatailed paramaters., Also, & sensitivity
analys’e and maintainability snudy stall be performad for the system.

10. Tachnical Integraticn and Bvaluation input data raquired

consists of:
W

b.

d.

£.

h.

Tdentification of all evants

Projection o€ «lapsad times, maximum forces, grcas
rigged weight and expected lifstima of systsm

Relisdbility information

Accuracy information

Logistics, maintonance, training, rigging and
derigging time data '

Cost infHrrmation
Safety and malfunction

Sensitivity analysis
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IIT, SYSTEM DISCUSSION
A. System Definition

The in-depth study conducted by AAI Corporation employed inflation
alded recovery parachutes for extraction and for subsequent descent of cargoes
from an airvdrop altitude of 500 feet or less. A general description of the
low altitude airdrop system utilizing recovery parachutes for extraction is
presented in the final report (1) prepared by AAI Corporation for U. S. Army
NLABS under Contract DA-19-129-AMG-846(N), Several additions and improvements
have been made to this system and these items are described in detail in this
section. The airdrop system conaists of the following events:

® Pendulum release of the ringslot extraction parachute
e Extruction and deployment of the recovery parachute

o Extraction of the cargo

e Tip-off of the cargo

e Force transfer

® Descent

e Impact

Figure 1 illuntrltll the basic operation of the system and defines
the sequence of events, The operation of the extraction sequence for up to and
including four G-11A racovery parachutes, including the pendulum release of the
ringslot parachute, extraction and deployment of the recovery parachutes and
the axtraction of the cargo is shown in Figure 2, When five or imore G-1llA .

recovery parachutes are used, a platform is employed to extract the plrachutes

as shown in Figure 3, After cargo nxcraction and tip-off, load tranafer occurs
as illustrated in Figure 4.

Previous studies have revealed the need for improved recovery
parachute inflation, more efficient usage of the parachute deceleration capa-
bilities throughout the trajectory especially during the load transfer event,
and reduction in snatch force to satisfy the raquirement of not gxceeding
1.5 g's on the extraction point. The snatch force is caused by the accelera-
tinn of the recovery parachute mass from its velocity at line extension
(illustrated in Figure 2) to the velocity of the aircraft. Investigation of
numerous techniques to reduce the magnitude of the snatch force have shown
that the addition of an energy absorber material, undrawn nylon, in the riser

extension line is the most acceptable in terms of force reduction, cost,
reliability, and rigging.

Previous flight tests conducted at E! Centro, California on Contract
DA-19-129-AMC-846 (N) have revealed that the parachute force decreases to
near zero just after transfer, then rapidly increases as the suspersion slings
become taut. This occurrence caused twe problems in the operation of the
extraction by recovery parachute system, First, the rapid rcduction in force
indicated that the cargo was not being decelerated during the force transfer
phase of operatian. Secondly, the forces developed in the suspension slings
exceeded the structural limit imposed on the suspension fittings. Therefore,
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STATIC LINE

—

CARGO AT END OF RAMP
STATIC LINE EXTENDED
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STATIC LINE BREAKS AND TRANSFERS
FORCE APPLICATION FROM EXTRACTION
COUPLING TO SUSPENSION POINTS

 FORWARD SUSPENSION LINES EXTENDED,

CARGO BEGINS TRANSFER OSCILLATION 3
FORCE TRANSFER SEQUENCE ' X
FIGURE 4
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to resolve these difficulties, undrawn nylon lines have been incorporated
with each suspension sling to reduce the peak suspension force and mininize
the duration of low force application to the cergo, Figures 5 and 6 compare
the extraction and suspension sling foxce vs time traces with and without

the undrawn lines utilized, The rigging modification required for using
undrawn nylon slings is described in SQction Iv.C.

Analytical and experim-ntll studies of the performlnce of G-11A
parachutes have shown that the canopy inflation time is too long to provide
acceptable cargo impact characteristics at altitudes of 500 feet or less. In
the inflation process of fl&t circular canopies, the cancpy inflates from the
apex of the canopy toward the skirt after the opening shock force occurs., A
typical inflation cequence of & G-11A parachute is illustrated in Figvre 7,

An acceptable method for reducing the canopy inflatiou time is
the use of a centerline which pulls the canopy vent down inside the canopy.
The performance of this technique has becen illustrated in theoretical and
experimental analyses conducted by AAI Corporation, model tests performed

by Stencel Aero Engineering and full scale low altitude airdrop tests: cppduct» -

ed by the 6511th Test Group. The addition or & centerline attached to ,
the canopy apex does not present any operational rigging probloms and results
in a desirable modification from an economical basis. Also, the fully

inflated canopy shape of a G-11A paréchute using & 95 foot centerline developed
a significantiy higher drag force than the standard G-1lA cancpy. Selection

of the 95 foot centerline as the optimum length is discussed in detail in

Section IV.D | The shape of afully inflated canopy with a 85 foot cent:erl ine is
fdepicted in Figure 8.

Using the previously discussed new componentg and the extraction of

the cargo by recovery parachutes, the following cargo weight range has been
developed.

Number of u-11A Total Descent Weight '~
|___Parachutes (Cargo + Parachute Weight

1 2,000 - 5,000

2 5,000 - 10,000

3 10,00¢ - 15,000

4 15,000 - 20,000

5 20,000 - 25,000

€ 25,000 - 30,000

7 30,000 - 35,000

The following parts of this section describe in detail the syétem
operation and required cargo and parachute pre-flight rigging and preparations
for the EXIARP system.
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B. Alrdrop Preparetion
1. Riaging 1'= Parz-butes

The rigging prorodures for rhe pavachutas tce be used with the
EXIARP system diffared frcm the standari du< tr the addition of thres componants,
Thuse ccomponaats are; (i) Jdval stage re=fing line; (2) centexiinag; and (3)
snatch forcus attenuktor.

The anal stage recfing line is {nstalisd in ordar t- produce
acceptabla force levuls duvring canopy inflaticn and provide unifco:m opuning
rates for clusterad parachute configurations when more than four G-LLA
parachutes ara usad. The dual stage reefing techniqus to ba amploye? is
fllustrated in Figurs 9. The firet reef diametar iLs held until the twe
sucond delay cutters [ir:s, The skirt of the cancpy then infiatas te the
second ruafing line dismetor and is held until tha fcur sacond reafing cuttars

fire,

The procceduras usad to install thu dual stags reafing line
are similar to the installation cf a standard reefing ilne, The oaly varlations
that exist are the stowing of the uxcess line usad £n hold th. second yeaf
diamater and the ;se of four sacond reafing curtwrs to cut the sacond staga

reefing line,

A certarline ¢r apex control line has bmen added vo tbh. canopy
to provide a more rapid infiation and incr2asad load carrying capadblility £-u
‘the parachute. As illustrated in Figure 10, the conterline consists of a
heavy nylon web connected berween the cancpy apex and the conflusnce cof tha
risers. The attachment is made at the apex by lecoping tha suspansica linAs
around a small clevis and thern attaching the centerline to the clevis belt.,
The centerlinme ¢ ' . -aus< any change to the standard procedures used
to fold the Ca.upy 1:.cc the bag or stow the suspension lines and risurs.

To limit thes snatch force tn accsptabls levels, a multiline
snatch force attenuator was daveloped. This attenuator s installed betwaen
the confluence of the *r rs &nd the rissr extension line. It 2cnsists of
several undrawn nylon ._.aes strung bevLween the two C-11A clevises, with one
eni attached to the risers end the other to the risar extension as showa in
Figure 11. A ten foot length of riser extansion wabbing was rigg«d in
parallel to these lines and wcts as a safety lins and stop when the undrawan
nylcn has stretched ti its dasired extensicn. The G-11A clavis attached to
the risers has been modiried to accept the mulriiine snatch forca attanuater
in addition to the safzty lins,

The snatch forca attenuator is strwed as shown in Figuva 12,
The clevises usad to make up the attenuator ar- stowsd on the outside of the
beg. Each clevis is tlei t: the two bag hanil=s -n the forward erd of tha
2ployment bag. The safety line and undrawn nylra ropes are stowed undur
tha flap as shown ard ar~ tiad o the aft «nd cf th: daployment bag.
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NOT REPRODUCIBLE
2. Rigging The Caxgc

Tosimpiity the igglrg ¢t *te vargres £ur the EYCARP s5,8%fn
“he peo o lutes L8ES have teen kepr gimiiav v *h ge sed £01 the sravlard
system, Standard webbing, tie Jdrwe devices, r.. . lar platioyms, anc ;arev
trneycomb energy a.esipet~:s, have been .s¢} wterecév prssible to mirimize rhe
amcomt of new rigging egquipment rejulrec,

Scme rlggirg herdvare an: (r:-=1:.¢ ha RES weTE maA ¢

speciric use on the EXTARP system, <Tc limitn the S-7v. e arplied t- the s.siengivn
sling fittings a sus;e~si r sling fozce atvenuat:. was levelcped and is ;9 turen
‘n Figure 1%, The artenuat r comslsns € seveval stranig of 5/8" Alarete:
undra: ayen Lre which gre rigged in perac.¢, . *" the suspensicr §..ng. ™€
aumder of Lines use: pavaliel to the aft susyersi~» gL.'g Ls ejqual te ta' ¢

tte numter of parach.tes used to rig the lce: an: rhe number of Linec .sed
parallel to the fevward saspensicn siing was €juai *c the number of pavachk.res.
used, As shown in Figuwe ., *he undrawn nyvlicn Lines ave attacked . & Y-ur

PLt. aonnectcr at hotv eads using ~argo suspens’on ~leviges, The s.spensic+
s.ing is ¢imnectei t, the frir vin cranectors and stawed as shom. One
¢onnector is atta *e?! tc the suspensicn sl.~s arsa.hment point an: the >ther
cemnecteor s attacted to the omfiuence of the sugpemsi-n slings using a six
fo-- s.gpengion sling rxtensi n. »

Si~:e -he main parachutes are 1sei ¢~ eyxtract tke carge, the
rigging of the extra.t .cn &nl tvensrer lines <iffers sigaificanrtly Z:cm the
standard system, Fig »& .4 shrwg & schemszti: of the rigging of thege iines
fcr the standard systfm and Flgure L3 ghows the rigging for the EXIARP system,

The majicr difference is rhat the extracticn line 1s attached directly rc ke
trens fer connecter in rhe standard system whereas the extracricn line, -alle?
the drogue line in the EXIARP system, is attached directly to the mal- parvach..te(s),

The cnly orhe: ~arge rigging change veguired involiel the
deplcymerz ¢f the parachutes., For the staniard system and the EXIARP system
using ‘:p t0 ar- Includiang clusrers of four rara~n.tes, the parachutes are
stared directly on the lra?, Tor clusters comtainlng five cr more para:-u'€s
a separate platfczm is -.sed t- ewtract tre revachutes frr the EXIARP system,

S, Pre-Zfiight Prerevaticn

_ The pre-flight rveravaticn c¢f rhe carge involves lrnading the
carge into the alr:ra®s restrsining rhe rage it i- tlke aircrafr, ann

attaching the ivogue parachote, ALl c¢f trese rr-:ez.res avc the same as ** se
usei in vhe current alxzir:p svstem. '

Restrain® ¢t *ne rarge within the air:vaft is & cems.isted
nging the doal wail indent/etens system. The rewmanent vertlcal rest

PRI
Nawt A b

a
flenge on the rails prcviles the necessary ur ves-raiat. The indert/ceier-
iocks cn the Lfft hars va .l p-oriie the rejuivel Lot light ferwvard an? a2t
restraint while lareva. resrraint (s a ~rmr.ishe: bty the zails, The »ighe
rand leoks previde fovearz a-d ast vest-arnt eaiter rhe lelr hat? l-oks ave

2

b il P i L. . e

wibuakiter b 1

IRTIE AT SR ST

M Dhaebe o 20 T i

b €

o
iz, !

el

s .
L b &

NN




R Y

ek, W

released upon approach to the drop zone. The procedures used to engage the i
:  locks for the EXIARP system are the same as the present system and a setting

: of 1/2 g or 1.0 g 1s used depending upon the length of the platform. When the

parachute extraction platform is used, one lock is set at 4000 pounds to restrain .
the platform.

st ke s 1 i

The drogue parachute is attached to the pendulum release just as in i
the standard system. Like the starndard system a 60 foot extraction line is used ) .
as a drogue line with the drogue parachute, ¥For ballisti~ deployment of up to and
including four parachutes, a preinflation break web is attached to the drogue line
and cargo as shown in Figure 16. One end of thé drogue line is attached to a large
suspension clevis along with the pre-inflation break web and the confluence of the
bag bridles.
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PRE-INFLATION BREAK WEB INSTALLATION

Figure 16
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C. Systam Operaticn
Lo Rer ey Perachuate Extracticn & Meployment
a, ballisric Extracticn

Tre normal procedurs us~d t- Catloy and extract the r- .-y ry
raractutes using tre "extracti 1 by mailns" principle consist :f mounting the
»eeovLry parachuites on the carge and having & sma.l 2Zrogue parachut- (shil% '8
pendulur released) extract the recovery parachutes of € the cargo. This bal’ -
i8tic extrection concept has been used to extract up te and including four
G-1lA recovery rarachutes ijuring s-veral previcus tests of the extie ticn by
mains airdrop te-hnijue.

The bas.c principle of this ba.listic extracticn conc-ot
48 tc "snatch" the recovery parachute threugh tre cargc compartment befcr-
they hevs time to drop a surficient distance to Impact the slrcratt ramp.
Iterefors, the ewtracticn force applied to the recovewy pavachute bags must
b- large encugh to d«velop high bag velocities, thus, minimizing the time for
tha bags to axit the afrcraft, 7%+ rapid extraction cf th« parachute bags
2180 pr-vents the bags from losing exc=ssive altitude during their deployment
subsegusnt to their -strecrion from the aircraft., The use of too smell an
extract Lon parachute will cause the bags to hit the ramp and/or the rl ser
estomsion lines cf the raccvery parachutzs te wub on the ramp edg-.

To insurw that sufficient force (s developed by the drogae |
parachute prior tc =xtraction of the main parachutes; a pre-inflation br-ak
web 1s attached between the extracticn line and the cargo. The pre~inflation
br=ak web prevents motion of the parachute bags until the extraction forece
bregks this tie. Since the pre-inflation break w:b is attached directly tc

the carge, the carge restraint must be set at a force lenel great=r than t- ?

rated strength of the pre-inflaticn break web cr mction of the cargo will ;
cecur pricr to n«<traction of the main parachut-s,

X i

Te summarize the cperational description of the ballistric !

extraction consapt the seqience cf events are listed belew and 1llustrated
in Figure 2, page 9.

Deploy Dropus Parachute

The drogae perachute s depicy-=d using the pendulum
r=leas« mechanism available in the C-1%0 aiv.rart,

Releas- Q£ Reccvery Parachute Rags

The. ¢rogue parachute riser exnemsion line s ¢ nnected
t> & pre~intlation br=ak tie cn rthe cavgo. Whe: tre
Grogue. parathuts: develops softl jamr Jdrag toree t-
br-ak this tin the fcrce~ is transterr.d te the vrecoverwy
narackur- begs ani initiatecs mcuticr ¢t these bags. The
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cargo is restrained by the detents of the rail system
with a force greater than the pre-inflation break
force to prevent cargo movement during extraction of
the recovery parachute,

Extraction Of The Recovery Parachutes

The drogue parachute extracts the recovery parachute
bags out of the aircraft compartment. The bags travel
through the cargo compartment without impacting the ramp
or the aircraft sides. After the bags exit the aircraft

the drogue parachute begins to daploy the recovery parachutes

from their deployment bags.
b, Platform Extraction

Successful tests using up to four G-1lA parachutes were
conducted with the ballistic extraction method, but there was insufficient
room on the cargo to store more than four parachutes and maintain adequate
clearance with the surrounding aircraft structure, Therefore, baginning
with the five-parachute configurations, an alternate method of extracting
the parachutes was investigated. In this alternate method the parachutes
were placed on a separate platform which was extracted fromthe aircraft using
the dual rail system.

An eight foot platform was flight tested and proved
unacceptable because the platform rotated out of the rails and struck a
wind deflector plate on the ramp. To prevent this occurrence two separate
platforms were designed to provide the needed deployment capability, however,
neither of these has been tested. The design of each of these platforms is
discussed in Section IV.C., The proposed platform extraction operation will
be similar to that used on the test conducted at E1 Centro.

The sequence of operation for both platforms is illustrated
in Figure 3 and is described as follows:

® Drogue Parachute Deployment

The standard pendulum release system is used to deploy
the drogue parachute,

® Restraint Of Parachute Platform During Drogue Inflation

The drogue parachute begins to inflate and applies long-
itudinal force to the parachute platform. Longitudinal
motion of the platform is prevented by the rail system,
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3
Ecwevar, & rotation is indnced by the force acuple
: ccusisting of the inflating drogue perachute force
B 211 tme lncent/datent pueotion E~rea,  The ratgactable
i gunti~4l restrabtts angaged at S:s-lage staticn
P numbe.rs 709 an1 720 ree t &ga’ast this couple and pve.=n¢ ]
T &ny rctation from cccurtg. 1
1
, ® Pave:ut: Plstr-em Mcveme-t §
F- - ;
Fof Tha ivogue pavacbure continuas te inflate until ir
. iovelops & fovrce ejual *o the westralnt satting cf the
: s'ngis L=4ant/l-tent lock, .ccet: 1 at alreve<t fuselag- 5
. statinn pumbev 688,875, 'Mis lr e 8 st &t its maximur
FS . - - .
§ fores of 4,900 pounds., Af=sr reiease f th- rall wastyvaint,
P platferm meticn brgins, ]
1 ® Plstf-rm Platform Extract.i-n
¢ § . i
i Th= dual v&i1l system appliecs lat:val restraiat no tha
¥ pirachuts platform thaveby praventing laterai mcti n
& jiring axtraction of the piatform,

® Mairn Parachut2 Daployment

The main parachutes are d-clcy«d from the parachute platfcrm.

® Load First Mcvement

At line stretch of the main ravachutes the lcad releases
from the indent/dstent L~cks wrich had been set at a
total indfcated release of 0.5 g's based on the loaid
walght,

,vw. 5_,_‘. .
T SR PR e O S R ST

Recovery
s Th+ meiln parachures recovar the lcad and the dr-gu-
vécovers ~he pavachute platform, ]
3
b
: &‘ 2, Cargo Extvacricon
Lg !
EE‘ S~veral points during this op=rat.onal swquencs are cyirti-a-..
L These include the final restraint of cavgo to airomalt, the perachutes per- ]
formance, and the aircwart's safety., A po-imrvarmined €inal aft restvalat ;
: fevce of the cargo to the givwcraft is neceassary te insure that the wacovary 3
k paractutes being employed to extract the carge #0: ;ysviding th- drag 3
required for propar low altitods sexrZormance. Uoc Lxw an sxrrvacticon foooe
wiily (LY affect ~he ertlire dwir gequence ani changs the rorforments of tr- !
3 o .. . o . . 1
rarantutes in retacdling the velocity ard contrelling the trejectory -t the i
CAYEe te rmi axtent that cargess will be lost uicm lmpact: ani (2) serisusie i
rf8arr tontenl o the alxmoraft luring ewtracticr becausc of the laongth oo i
. | !
9 ;
i
i
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time that an extreme center of gravity location change is in effect.
Extraction forces in excess of 1.5 g's are prohibited by the specifications
because of the strength of the extraction fittings of actual cargoes.
Therefore, the operational range for extraction forces is minimal.

The model A/A32H-4 dual-rail cargo handling system used in the
C-130 aircraft included 11 detent latch assemblies mounted on each side of

the rail assemblies. The left hand side detent latches are used only for in-
flight restraint purposes, and are manually released prior to approach to

the drop zone. The right-hand detent latches are capable of being set at a
variable aft restraining force of 250 to 4000 pounds each., The latch

detents are spring loaded such that they engage the platform indents when
placed in the engaged position. The platform is then restrained in the aft
direction an amount equal to the force preset into the spring. The detents
will disengage and remain disengaged when the preset force is overcome by .an
aft-directed force (extraction parachute) on the platform.

When heavy loads using the longer platform lengths and multiple
parachutes are being extracted, allowances must be made for the frictional
forces between the platform and the rails. This fact was not recognized until
the cause for exceptionally high extraction loads in the four parachute airdrops
was investigated. It was found that emperical data had been generated to
account for this condition and that a restraint setting of 1/2 g rather than
the 1.0 g used for the lighter loads would suffice.

To prevent cargo movement during the extraction of the recovery
parachutes, it was necessary to use an aft rail restraint setting that was
greater than the break strength of the preinflation break web used to restrain
the recovery parachutes to the cargo. The need for the preinflation break web
wasg to affect ballistic extraction of the recovery parachutes as discussed in
a previous part of this section,

The desired operational sequence in the EXIARP system is that

the aft restraint will be released and cargo movement will begin just prior
to peaking of the snatch force as depicted in the following sketch.

CARGO MOVEMENT OPENING SHOCK

SNATCH FORCE TRANSFER

——

FORCE
N
{
\

TIME
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e .
E 1
%_ 3. Parvachute 1nflation
: Tre system perf.~mance is dcpenirnt c- rhe ‘nfiati-n cx rthe )
g recroevy parachutes. 7.0 rapid an inflation ¢f the pawachute wili cause ]
: structural difficulties to both the parachite ~anupy and the cargo extrac-ion 3
;! fitting., Actval flighr test results cn this prog-am kave shcwn that *he ra-id ]
% i{nflation of the cancpy -en cause structural <1l uwe «f the rancry neaels & .
. peoston lines, (This r:ccirxrd whea & pavachute dlyveerfes carlicr tnhan i
E plavred due o the malfus:ti~n of a veefing cut:er,) <ohe priner tul.a-io. .
5 svquence is also important to the EXIARE sys'.em ;c:f--rme&n e, The deplovment %
i ¢£ the canopy from irs bag :aures the snatch force, Afrer this feroe 4dutsys i
% the a:tuval infletisn of *he cancpy begins., Aty starts to zush into the carcpy ’
3 mourth and iaflate the cancpy as Jepicted “p ¥igace 7 o= page L4, 1€ allcwed to ;
) inflate without some type of reefing the pararbute -pening shcok feree develnrted 3
could cause the parachure o fall structurally. Theretcre, a teefing llne is
inserzed In che cavopy skirt, this line is rhreades thrcugh a sexies o :lings 4
1ncated at the cannry skirt, and four reefing «utters vhich are located é

symmeteically abnut the pexiphery of the skirn, A shere plece of line is tied
betwasn the rerfing cutter and the deplcyment bag such that separatisn ¢ € rhe
canvpy skirt and the dzployment bag tauses the l:ne tc pull an arming ri-=
wvhich stavts =hn time delay. The cufters sever the line upon activatina., The
rerting lina limits the growth of the canopy diemeter, thus, limiting the
sanery dvwag forc2s and the resultant opening shoek fcwce, In addition to
recarding che force the reefing line cause “he r-ral parachute 1nilaticn t me
wnrat,

to increase. This resalss ir higher alritvas l-ss:s fcr acc~ytabls ca:ge

To reduce the inflation time a :=arerline has been Ins-rz+vi
batwean the canapy vent and the cenfluenc- point £ the parvackuts risers #s
fllustrated in Figure 10. Th= use of a 95 foct ceateriine has impreved the
totel parechute pevfcrzmance., The 1nflaticr tlme ras been reduced signiflicantly
and the parachute drag has btaen increased such the: the allowablie cancpy icading
was increas=d trom 2500 to 5000 pounds per G-LlA parachute,

Clustere i parachure test results indicated a need for & second
veafing line to limir th= parachute cpening shock fcrce aftsr rorce transiew,
During tests ~f clusters of three and tive pavachites individual parachate
fowcss exceading 19,000 pounds were experienc:d., N- data is avallable on th«
meximum force limit o€ a G-1lA perachuts ~julrp-d with & centevline, bur this
levazl of force was ccasidereld likely to damags the parachute. Ry computi'ng
the skirt dlamster basud cn th- present thecry a: the time of maximum parachate
forc=, rhe seccnd reefing line langtt was Itc-rmined to be 60 Se-t fov o 2 lay
time of 4 secends.  The technlzue of rigging the dual-staged y=xiing has buwn
rrevicusly dlscussed,

»
r—

il i

i .

il aril

PRI T N Epvrr 27BN )

ahs



Iv. SYSTEM ANALYSTS MET!HODS

A. General

The developnent of an airdrop system for use at altitudes of 500 feet
or less hus heen performed by using several system analysis metheds. These
include model tests, design studies, flight tests, analytical studies, and

‘systems use studies. A discussion of the results of each of these studies
is presented in thias section.

AAI conducted model tests of parachute modifications designed
to improve the performance of the parachute. These modifications included
inflectors, centerlines, and combinations of Inflectors and centerlines. The
results of these tests were used to predict to some extent the full scale
performance which zould be expected using the above modifications.

Design studies w.-re performad to cither improve the performance
of the system or to provide a greater degree of system safety. To improve
the performance of the recovery parachute both inflectors and centerlines
were designed. To provide an e¢vrraction meuns for parachutes used in clusters
of five or more, several extraction platforms were designed. Two safety

devices were designed to provide a greater degree of aircraft flight safety
during deployment and {nflation of the parachute.

In addition to the model tests, AAI conducted a full scale flight test
program consisting of two phases. The first phase was a data gathering phase
used io provide inputs for the computer analysis and evaluate system compon-
ern:. performance. The second phase demonstrated the performance of components
used in clustered configurations and demonstrated system feasibility. The
results of the flight tests are summarized in this section.

Analytic studies were also employed to evaluate the system. These
analyses were made using two-dimensional computer programs developed by AAI.
These programs were also used to study the effect of the various system
parameters on the performance of the system, and to compare the results of
the flight tests and aualytical predicticn techniques. In addition, the
effect of high altitude drop zones cn system performance was studied.

Studies were made ct the operational use of the system and a briet
description of studies in the areas of mechanical reliability, human relia-
bility, and other related studies is given in this section. The complete

discussion of the system use studies is presented in the T.I.E. (Technical
Integration and Evaluation) report (2).
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B. Model Tests

The purpose of the model test program was to permit an efficient
survey of candidate parachute inflation aids so as to establish those tech-
niques which were worthy of full scale flight tests. The emphasis in this
program was on reducing the overall time to inflate the parachute. Addi*jonal
areas of interest were identification of potential problem areas and inter-
ference effecty with multiple parachute configurations,

Scale effects with parachutes are at best poorly understood. In
particular, it is not possible to apply a linear scale factor to such items
as canopy material thicknesses, material porosity, thread weights, and seam
sizes. These problems are amplified when trying to scale the dynamic situa-
tion of parachute inflation because the mass, inertia and stiffness of the
parachute are significant parameters. By not being able to scale the para-
chute directly the scaling laws of rigid body motion are not completely
satisfied. The addition of aerodynamic considerations tends to further com-
plicate the picture. These problems impose some limitations regarding the

extrapolation of data and require that enginecring jndgement be exercised in
analyzing the results.

Since dynamic, rather than steady state, information was the
primary goal, it was decided that finite mass testing would yield the most
useful information. That is, the deceleration of the system as the parachute
is deployed should be taken into consideration since the velocity of the
system will change significantly during the filling of the parachute. The
largest possible parachutes were used in an attempt to reduce the magnitude
of the errors caused by large scale factors. These two considerations led to
the conclugion that data for the present program could best be obtained by
flight tests as opposed to wind tunnel or tow tests,

Past experience, and the literature (3) indicate that for incom-

pressible fluids scaling on the Froude Number is the proper basis for dynamic
scaling, where

Inertia Force vV
Froude No. = =
Gravity Force —
VLg
V = velocity
L = characteristic length

g = gravitational constant
Defining:

L.
N “U S
\ = gcale factor = —ull scale

model
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~ Then,. for zonstant "g",

W, = ..‘_J.f. (W = weight)
o2
Vp = 'Yi | (V= velocity)
5?2
t, T tg {t = time)
x' v
a = e (a2 = scceleration)

Two basic cases were of interest: a 5500 pound cargo with on: G-114
rarachute and a 10,570 pcund cargo with three G-11A parachutes. It was thought -
that' these two cases would serve to establish the chsracteristics of the candidate
systems and to represent a reasonable tradeoff between complexity of setup and,
completenceas of data. Thérefore, a pneumatic ~etapult was dJdesigned to launch a
10 foot diameter parachute and & 3.5 pound c.r,0 at a speed of 8N £fps. This
corresponds t. extracting a 3500 pound cargo from an airplane traveliug 150 knots.
By designing to these values it was also possible to accommcdate a cluster of
-three 5-foot parachutes with a L.2 pound cargo and develop a laurch velocity of

57 fzet per second. This corresponds to & 10,500 pound cargo with three G-1lA's
at 150 knots, .

The catapult 's illustrated in the schematic of Figure 17 and the

photograph of Figure 18. The catapult operates in the following manner.

The psrachute and lcad are placed in the launcher support chute and the
- ‘pusher arm is placed against the rear edge of the cargo. The cylinder is

pressurized to the desired level with air fiom a compressed air cylinder,
At the desired time a latch is released allowing the piston to move forward.
The lcad is accelerated through a distance of two feet. At this time the
piston passes tha vent holes in the cylinder end is subsequently buffed by
the remaining column of air. The deceleratiun causes the pusher arm to

£211 out of the way so a&as not to interfere with the parachute as it continues
on at constant veéiocity.

Due to difficulty in obtaining the size parachutes raquired, a 12
toot parachute was the only size available within the specific time frame
allotted to thes model test. The 12-foot parachute yields a scale factor of
8.55 on the 100 foot diameter G-1lA parachute. This f{actor dictates a scale
weight of 6 pcunds to simulate a 3500 pound cargo and indicates that velocities
cf 64 to 88 £ . per second will repregent 110 to 150 knot full scale air-
spe=ids, Initial tests with the 12-foot parachute and 6-pound load showed
that the parachuta was too lightly loaded. It tendsd to inflate to a flat
configuration rather quickly. The problem was that the conventional parachute
icading parameter W/CDA ad been 1aduced by a facter of A\ bzcause W varies
as A’ and A varies as A.“. Hencs, in order to satisfy dynamic scaling it was
aecassacy t violat: static scaling. Since the inability to scale meterizl
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thickness directly gave an overweight parachute, it was thought reasonable

to increase the cargo weight. This increase would tend to compensate for
. the improper parachute-cargo weight differential and also give a more

realistic canopy loading factor. The cargo weight was arbitrarily increased
to 9.75 pounds. This increase in weight gave the parachute a more reasonablec
opening. However, it can be seen in the data that in general the parachutcs
still inflated to a diameter of about 11 feet., It is thought that the motion
of the parachute is a good revresentation of the dynamic situation until a
diameter of about 8 feet is achieved. After this point the system is moving ]
so slowly that the gituation is more nearly static than dynamic and the -
effects of the light canopy loading are being felt.

g T *:WWM'.M fih g
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The unmodified 12-foot parachute weighed 1.69 pounds. Together
with the 9.75 pound cargo this increase in weight over the design weight for
the launcher limited the launch velocity to about 50 feet per second. This
corresponds to a full scale speed of 85 knots., While this velocity is somc¢-
what below the true operating range, the effect of testing at the lower

velocity should only be reflected in the magnitudes of the filling times and
not in cheir positions relative to each other.

Four parachute configurations were tested: unmodified, vent pull
down, inflector, and vent pulldown plus inflector. For these tests control
line lengths of 12,25 and 11 feet were used. Significant differences in filling
time due to a change in line length were not apparent. The inflector concept
has been tested by Stencel (4) and shows promise of reducing inflation times.
: The inflector design was based on the size recommended in Reference (4) for
the G-1lA parachute. Lack of time precluded testing of different size
inflectors. The vent pull down plus inflector configuration was simply the
addition of the vent control line to the parachute with the inflectors,

Rt TR

R R
1 J

A total of 29 model tests were conducted. Several tests were
eliminated from cuusideration because of a sudden head wind which gusted just
as the parachute was launched. Others were eliminated because of fouling of
suspension lines or a severe twisting of the parachute which hampered open-
ing. These problems were probably due to inconsistencies in the launch and
in parachute packing. 1If the push rod was not aligned with the cargo center
of gravity, the cargo tended to tumble in flight. This in turn could cause
some twisting of the lines. An attempt has been made to consider only those

tests in which a clean launch was made and in which there was essentially no
wind,

R (A A AT PO
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The following table gives the average times to inflate the parachutes

to 4-foot and 8-foot diameters. It is thought that these two values give
a reasonable measure of the relative merits of the various inflation aids.
As previously stated, it is doubtful that the results should be considered
beyond the time to inflate to an 8-foot diameter because the velccity is
reduced to almost zero and this obviously does not simulate the full-scale

) condition. The 8 feet also corresponds to the approximate diameter of a 12-
foot flat circular parachute in a steady state descent.

Ty
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PARACHUTE FILLING TIMES

Tims -Sec
Parackuts Dvpe Pavachute Diam<ter
L Fe, 8 Ft.
Unmcdified b 1,26
vent Pull Down vEu .61
Infietce .58 7€
Veng1gull Down & 3% .70
I'Q“I"'QFQ; .

12 zan be seen that all of the inflation alds signiflcantly r2duced the time
to fL1% the parachutes, with the vent pull down technique heving the shortest
inflation ¢ime. The veat pull Aowm was particuiarly 2ffective in getting the
infisticn started 2arly and then maintaining a gocd rate.

Agreement betwa2en different tests of a given configuration {s
good with an exception of the vent pull down plus inflectcr design. Both the
fastast and the slowest modifisd parachute inflation times were recorded with
thig design., Thuse results suggest that this design may have the greatest
potential; but may also be the least consistent, This aspact of the problem
was studied carefclly in the fulil scale tests.

Several two-parachute configurations wsre iaunched in an effort to
establish the effects of the inflation aids on the filling of clustered para-
chutas. As stated earliex, it had been planned tu conduct these tests with
clusters of three 5-foot parachutes, but the inability to procure the
parachutes within the allowable time frame limited testing to the 12-foot
units. Structural limitaticns of the catapult precluded launching heavier
simulated cargoes so it was necassary to use the 9.75 pound weight with the
two-parachute clusters. Since & singie parachute was capable of decelerating
he cargo at a rapid rate it is "ifficult te draw strong conclusions from

tha cluster test data. If ona purachute got ahcad of the other during the
first tenth of a second of filling, it decelerated the system very quickly
and the sacend parachute did not fill, If the two parachutes started to fill
at the same instant they usually continued a- & falrly uniform rate. A plot
of parachute Jiameter varsus time for a cluster of two l2-foot parachutes
with -nfl:ictovs is shown in Figure 19. The faot that the filling time is
lenger than for the single perachute is dus yartially te some interference
e#ffects bztween the parachutes and partially to the fact that with two para-
chutas the system decelerates sc quickly that th2 mass rate of flow of alr

ints the parachutes is raduczd, The follewing table summarizes the general
per¥rrvmances of th:z clustevad parachutes,
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Configuration 33§§e5‘5%5?3§$iy 22§3£ '§§3Y§°

Unmodified 1% 1
Vent Pull Down 1 1
Inflector 3

Vent Pull Down 0 3

plus Inflector

% This number designetes the number of tests

It will be racalled that the widesc variation in performance with
the single parachutes was with the vent pull down plus inflector design. This
result and the above cluster rasult suggest that this configuration will
present the most problems in full scale tests. The vent pull down or the
inflactor holds promise of reducing the filling time of a parachute by a factor
of two. From an operational point of viaw, the vent pull down ccnfiguration is
probably preferable sinc3 it requires & minimal modification to existing
hardware.
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" C. Degign Studies

Several new pieces of hardware were designed while conducting the
flight tests to either improve the system performance or to provide a greater
degree of safety for the EXIARP system. This hardwarc included;

Multi-line snatch force attenuvator
Suspension sling attenuator

Parachute inflectors

Parachute centerline

Parachute extraction platform
Fail-safe and breakaway safety devices

Multiline Snatch Force Attgnuator

Since the extraction force connection fittiugs on all airdrop loads
are designed to carry a maximum working load of 1.5 g's, the forces applied

to tuese fittings by the main parachutes during their deployment and inflation
must be kept below that limit.

The device developed is shown in Figure 11 and is termed the multi-
1ine attenuator. It consists of four lines of 5/8 inch diameter undrawn nylon
line in parallel with a 10 foot long safety line. When the parachute lines
become taut during the deployment sequence, force is applied to the undrawn
nylon lines. These lines elongate until the safety line begins to carry the
parachute force. The lengths of the safety lineandnylon lines were selected
such that the undrawn nylon line when stretched to .he safety line length,
had an elongation of 350 percent. This elongation results in a nearly con-
stant force energy absorbtion. The tensile force versus elongation curve
shown in Figure 20 for a one inch diameter undrawn nylorn line shows that after

an elongation of 75% and prior to an elongation of 350% the force required
to stretch the line is nearly constant.

Sugpension, Sling Attenuator

Each suspension fitting of airdroppable loads is limited to 1.5 g
due to design constraints imposed on these fittings. To limit the force
applied to these fittings, an attenuator similar to the snatch force attenu-
ator was employed. The undrawn nylon lires were rigged in parallel with
existing suspension slings. For the suspension sling lengths used in the
flight tests the undrawn nylon line length was selected to maximize the energy
absorbtion capabilities of the nylon lines. After numerous flight tests the
most desirable combination of undrawn nylon lines was determined. This con-
figuration was to install two undrawn lines parallel to each aft suspension
sling and one line parallel to each forward sling per parachute. Conrequently,
a three parachute configuration would use 6 undrawn lines on each aft sling
and three lines on each forward sling.
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The primary nurpose of using these suspension sling attenuators
was to limit the suspension forces to 1.5 g's. However, an additional
requirement wae to obtain a system which minimized the time interval after
force transfer when no parachute force was being applied to the cargo, In
the present airdrop system significant altitude is lost during the force
transfer phase because the parachute deceleration force is not being applied
during the time required to extend the suspension slings. Figure 21
illustrates this occurrence.

Parachute Inflectors

Model tests conducted by Stencel Aero Engineering have revealed
the possibility of decreasing the canopy inflation time with the use of
inflectors sewn into the skirt area of the canopy. The purpose of the
inflector is to generate a radial force component at the canopy skirt and
aerodynamically force the canopy skirt open as illustrated in Figure 22.
This inflation aid reduces the lag time between the rapidly inflating apex
segment of the canopy and the canopy skirt; hence, decreasing the inflation
time and improving the aerodynamic performance of the parachute., To
determine the effect of using an inflector at the canopy skirt, several
different size and type inflectors were designed,

The first type of inflector inflation aid, shown in Figure 23
used a nylon web to hold the canopy skirt out in the airstream. The web was
attached to the canopy by cutting the suspension line free from the connector
link and piercing a hole on the inside of the canopy. The suspension gling
was then pulled through the pierced hole and reattached to the connector
link, The inflector web was then stitched to the canopy and suspension
line, and the reefing ring stitched in place. Circumferential bands were
added to the canopy above the pierced hole to provide reinforcement for
the canopy. Three different size inflectors of this type were fabricated
for use in the flight test,

The second inflector design simplified the parachute modification
and decreased the fabrication time. Shown in Figure 24, this
inflector replaced the triangular web with a nylon band. The method of
attachment and reinforcement remained the same,

Parachute Centerline

A second inflation aid used was the apex control line or center=
line. The centerline was a heavy nylon web with a break strength of approxi-
mately 15,000 pounds. This line was attached hetween the canopy apex and
the confluence point on the parachute risers. Figure 10 on page 18 illus~
trates the centerline inserted in the parachute.
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Previous studies revealed that using a centerline reduced the
inflation time because the centerline carried approximately 30 to 50 percent
of the parschute force, hence reducing the force in each suspension line.
Since the total suspension line force is reduced, the radial component of
that force, which tends to retard the outward motion of the canopy skirt,

“~is.reduced, This results in a morglrapid inflation of the parachute canopy.

In addition to decreasing the inflation time, the centerliie
increnses the load carrying capability of the canopy. This results from the
- change in canopy shape which occurs when a centarline is installed, The -
canopy tends to flatten out and the drag area is consequently increased
provided the proper centerline length is used,

Parachute Extraction Platform

"Clusters of up to and including four parachutes have been
successfully extracted through the aircraft cargo compartment during
previous test programs. However, the lack of adequate clearance hetwesn
the parachutes and the sides of the aircraft and the aircraft ramp when
more than four parachutes are used, required that a new extraction tech-

" nique be developed, To accomplish this a parachute axtraction platform

was deaigned and is shown in Figure 25 , This platform consisted of two

. cight=foot rail-sections with & four=foot modular panel riveted batween

them flush with the forward end, "An aluminum stiffener bar was attached to
the aft end on the rails using two attachment blocks. These same blocks
were used for attachment of a "V" type extrsaction line. Restraint of the

~ parachutes to the platform was accomplished by tying lines from the para-
- chute bags to the rails and to two chiins strung diagonally from the

aluminum attachment blocks to the opposite rail, Flight test of this
platform revealed that it was unsafe for use; consequently two additional
extraction platforms were designed., These platforms have not been tested,

The "'structured" extraction platform design is shown in
Figure 26 , and is made up from two eight-foot rail sections cut to a
length of five feet. A four~foot modular panel is riveted to the rails
flush with the uncut end using standard rivet locations. This leaves a
one~foot length of rail protruding at the aft end of the platform. This
additional one~foot length is provided for the attachment of the structural
members shown in Figure 26 . It also increases the platform length-to-
width ratio. Although the feasibility of deploying a four-foot long modular

~platform was demonstrated and reported by Wwaite(5), it is felt that this

increase in length will provide an additional margin of safety in preventing
binding of the parachute platform in the rail system.
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!ht structurai members added to the platform consist of several
vertical plates and horimontal tubst. Thess membars have been designed to
withstand the maximum g forces developed by a 28 re, ringslot parachuts,
(This parachute s used for extraction and the recovery of the parachute

o platform,) The extraction platform structure provides for shifting the

Sir . attachment location of the "v' types extraction bridle so that the extraction
= force 1o applicd directly through the center of gravity of the parachutes

and platform, since the c.:. shifts with the change in recovery parachute
number, .

. The miin;plriéﬁui;iuhi§:§;;trliﬁid to the parachute platform,
This {y accomplished by tying 4000 pound breaking strength nylon web through
the parachute bridle attachment points -and around the horizontal tubes.

The top parachute is restrained by loops of 4000 pound breaking strength
nylon webs tied through the parachute bridle attachment points and the
avtachment point provided in the top of the vertical plates, The restraint
1s provided by loops of 1000 pound break strength nylon cord tied thtough
the bus handles and tie«down rings on the platform,

~ After the extraction of the platform and deployment of the
main parachutes has been completed, the ringslot parachute recovers the
. parachute ‘plat form und main parachute bags. Tha terminal velocity of the-
’ﬂf  structural platform and parachute bags being decelerated by a 28«foot
"~ ringslot parachute is defined in the following table.

b mm’_mgm.a ZTetminal Velooity (fpe)
R s 36,9
6 37.7
7 38,5
8 39.2

, . Thess velocities will be low enough to prcvcne damage to the parachute
- 7 platfoem, _

3 = Although the selection of the ringslot parachute has been

S based primarily on its ability to recover the parachute platform without

4 - structural damage, its size is also important for proper deployment of the

i _ main parachutes. As the size of the ringslot decreases for a given number

] N of main parachutes, the time to deploy them increasas. Since the parachutes

3 ’ experience the force of gravity during deployment, .he increasec in time

causes an increase in the vertical drop. This ''sag" could have two

detrimental affects. First, the riser exténsion lines could rub on the

. aircraft ramp edge and be damaged or catch on a roller and pull a section
of rollers loose, Second, the "sag" would decrease the initial altitude
of the parachutes, thereby increasing the possibility of experiencing
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- aircraft by the inflating parachutes would pose a safety problem to the

.. pueessive impact velocities becatise lnnnffieiont Altitude unmld exist to
-decelerate the cargo. It Ia thereiore obvicus that it in extremely

{mportant to extract and deploy the main parachutes as rapidly as poasible.

The direct extraction design has the desirable featurce that the
new hardware required {s minimal, The extraction platform denign ix similar
to that proposed for use with the structured platform concept. A four-foot
modular section with two rails; cut to four-foot lengths makes up the
extraction pletform. The required tiedowna of the parachute bags to the
platform are made using standard cord vhich 1s a stoek item in the U, 3.
army Airdrop inventory. The parachute bags will be tied to cach other through
the carrying handles to improve the tiedown of the bags to the platform,

To develop the corrvect confluence point of the linea from the
bags to the extraction parachute riser extension, a serics of special types
of bridles is used. A typical series of lines and bridles is illustrated
in Figure 27 for a six recovery parachute configuration. For example the
five and six parachute bag stacks have different center-of-gravity locations

causing the location of the confluence point of the bag connoction lines to
vary,

The additional hardware needed in the direct axtraction concept
is a connecting bracket for the line from the clevias of the four-legged
bridlie to attach to the platform. Three connecting brackats are required
to attach each of the recovery parachute baga in the bottom vrow of the
parachute stack to the platform. -These connectors ¢an be attachad to the
existing platform structure without modifying the modular platform. The

spproximate location of these components and the method used to attach them
to the platform is shown in Figure 27.

: The design illustrated in Figure 28 for these connecting brackets
is typical of the final configuration. The bracket can be riveted to the
aft end of the platform without any difficulty.

S Devic

In the svent that a cargo would jam in the rails during the
extraction of the load, the high forces which would then be appliad to the

aircraft, In order to eliminate this problem, a mechanism was needed to , fmiﬁ
provide a parachute jettisoning capability if the cargo did not move. . g

A
o
To provide this capability a fail-safe safety fitting was designed. , ;kff
The fail-safe safety fitting is a mechanically operated latching mechanism f*@g
coupled with a safety break link designed to separate, and thus release geﬂ
the parachutes in the event of a jammed load in the aircraft. 3@3j
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However, in normal operation an th. load ueginu Lo extract from tue n!rplune,
the first motion operates & meehanlcal latch which is designed to allow '
~the: fitting to’ actent ‘the full recovery frrie of up. to 3.0 g's,

s s e bl S AT, b

‘ Figure 29 shows a nross-sectional view of the safety Fitting:
An can be seen from the drawing, it consists’ of seven maior parts. Two of
these are end connectors which connect the link in series witli the system,

.~ Neer the sgft end an adapter provides the ineans of attaching the aft end

 connector to bath the broak' link and the outer lock sleeve, The outer . i
lock ' siimeve contains:.a. guxdergraove Jand: the female part of the locking lugs. = e
The forward end cnqnectot‘attaches to the inmer lock piece., This has a
“spiral caf groove (to pfbvide rvotation for locking) and the male locking
1ugs, . Tt also kas an - intarnal shnulder that holds one.end of the break .

: link.A Tha; actuating . : ?aevqnfits over both the inner lock piece and the .

. outel lch sIeeve ‘and.has_gn attachment 1oop on the outside to connect a
. statie. line to the ai*arnft. Tt slso contains a guide pin which fits into
e oA straight groove on' the. outer lock sleeve and a camming pin which: rides
Co a7 Aa a came groove” in the tnrer 1otk piece. 'First motion of the load causes

s the suatic line to mave the actuating sle«ve forward and the cam to rotate
. the iockihg lugﬁ into engagemeut.; , :

hiai

i
) il i s

EC A

R A ‘ti nofmal ready positiaﬁ, the only connection between the
e -1bad ‘an ,the parachutes is through the" bieak link. A shear. pin through -

' the outet lock sleeve and through the inner lock piece preveuts accidental
rotation and lockup of the lugs. . A roll pin through the outer locking ,
sleave ‘prevents unwanted ‘axial motion in the adapter. 'In order to preveat . °
£ é{uhlt from~uﬁlocking once the lugs have been rotated into the lock
. 'position a small leaf spring is ‘praovided that snaps up when the operating )
:ﬁw sleeve has movad through ins full travel and pravents any return motion, fL _ oA

SR A second satety device made use of an Alr Force go-no go fitting
which, 1ep used in’ conjunction with the guillotine cutter, would provide
“the required jettison capability. However, to jettison with the go no=go . = ' -
Rg;fittiqg‘the guillotine: dutter muast, ke manually ‘actuated whirh means that - SR B
the’ system‘is not feil sdafe, A breakaway safety fitting waa designed te '
. adq a fail-safe feature to thjs jettison capability

Ve c

S *(“ Tb*q uni, uses Lhe same break link ‘chat is used in the _
~>previous1y described safety -Zittinge The link 1% held between two: adapters

asghown i Figure 30 "+ Thevaft énd connector 1llustrqted i Figure 29 o :
is dsad as one of these aﬂapters. < '~, o ; . W %

R in its norial ready positxon the extractiou force is carried ‘ B
‘&ntirely through the break link and the go no-go fittiug is in the open '
position, held together only by a small shear pih. “As the load begins to

move, the safety fitting is carrying the extraction force while the first o

“motion o£ the load is. causing the lanyqrd to move the go no=go fitting N : "ﬁnﬂ
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into its locked position, After trannfer, when the cutter cuts the

extraction line, the safety fitting no longer has any load and is in effect
out of the systam, _

If for some reason the load jama in eho airplane, two safety
means exist. A crew member may manually operate the tranafnr cutter
guillotine, or if the extraction forces exceed 1.75 g's, the safety fitting
break link will automatically break and free the parachutes, since the go
no=go fitting is in its open position before first motion of the load.

Although these devices were presented to the Air Force for
use during the test program, .they wers never used, It was felt that the
use of the go no=go safety device in conjunction with th. 3u1110t£nu
cutter would provide aufficitnt aircraft safety,
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D, Flight Taats
i“nl .“s’d n S .;S‘i.

AAY cradc-tad & two phese tLl.ght test program unde- the g .bie-?
contwact, A tatal oF 159 tests wens conduct =1 dur.ag this pregram.  these
tegra {ncluded f£light safety write off tests, comprnent tasts, and systam
togte, Tuasa wara &5 ha followsd by systsm damongtoctions bus tha esvly
turmination of the tast pwogram preventad all ti. demenstratli v #-stg -om
balng run, ALl ragting was dcune at tha 65Lin last Czoup, Naval ALy Fa~ili.y,
El Qantro, Californis usizg €C-130 alrcrait., Ths tast {acilicy proviiad eho

&irs l‘r and suppozt fov tha rigging of tha logas, alrerzeft Loading, <laswing
of the dmey pons, and opewetion of the srote’ Grrew mant owed Instoumanteticns,

This Lnltrume ntaticn 1":“wd~~ retion pliturs oo rrags btk firim bhe alv and
ground; transmission and wroeording of tast dara by calemsmiuy; enl ein -
y ¥

thrsdmlita sracking of the cargous. AAL priidal rachnizal an? suiro~t cavecansl

at the rasr fanility to lngure t-ac the rtast tr-gram w48 ~onduitsd o an oo
paditious meane> and that valid vssulrs ware ebtslnudi,

Phast I «f the tmst progrem consiste? of a total cf twenty=Ffoun
tests, and was designed pvimerily as a data gathuwiag nhase. Deta v the 1ar-
formaace £ the varicus system components &8 wi.l as *he gaf=ty writ< o 4f of
—~seme of thasgs components. was obtained Juring t'.'s ihas«. This data elsc
- pravided inputs for trala-off, sensitivity, a-! ~~raigrancy of perfrrmanne
analysecs, '

Phase LI of th- test program sas J-sigredi to poovs cut the
rerformancs of the system comperents when used in multiple parechuts drop

configuratisns, and to if=momstrete the frasibiliny of the system., A total of
fifteen tughs wwre sieducizi in attempting to scdcemtlish the abovs cbjacriims,

I[he componeats which exhibites the best perfcrmance (2 tha Phasw I singles and
duel parachute rasts weew integrated inte a system and this system tasted using
clusters of three tc fiva G-1llA parachutes an? tnrae G-12D pereshutes., Through-
out the program chang=s were made to savarail comﬁonents to improve the systems
parformanca., The program was to conclude wirh = gzcies ~f thres dumomstratica
airdrops but the early tarminaticm £ the tast suriss eliminated ;hase_tests.
Trrea low altituis pr“demonatvattsn airdrope, howaver, were accomplished with
very e"\e:'ou"‘agu‘g »u8ui®g,

NOT REPRODUCIBLE

59

AT

o
b e e ittt il 22, i |

i et o 1 A Sl s,



TR TR

E
*
B 3
i

2. Prosentation of Resuits .

'Hu results of ehc two m m:,uzm are mum&sn this
section, Table I summarises the test confijuratizas end 1ist the forees in the
extraction and suspension lines during esch tes® &s well as the horisontel and
vertical impact velocities for a descent of 300 feet. The detail test results
and discussions of the individual tests wers pre in the 120 day status

veports preparsd on this contract (AAI ring Feport Ne's: BR-S170A(S);

Bngines: -
ER-41708(7); and EP-5170D(8)). The results of iavestigations in :hn following

areas ave discussed,

4. Snatch force attenuation
b, Suspension sling force attenuation
¢. Recovery parachute centerlines
d. Recovery parachute inflectors
@, Recovery parachute resfing.
f. Recovery parachute line length
8. Recovery parachute extraction platform
h, System oscillation reduction
i, System feasibility

i.. Snatch Force Attenuation

The firat aniatch force lt:cauleor configuration used con-
sisted of a single length of undrawn nylon line in paralle] with the riser
extension line. This attsnuator waas used vm eight of the first nine tests.
The vesults of these tests &re shown in Table I and indicate that the snateh-

~ forues generaced using this attenustor exceeded the 1.5 extraction force

limit, The films of several of the airdrops were studied to determine the
reason for these high forces., Thess films revealed that the canopy deploy-
ment from the deployment bag was initiated at the beginming of the elongation
of the undrawn line. Canopy &plw from the B&g was complete prior to

full extension of the undrawn Iine, and hence, when the riser extension became

taut the total canopy cloth mass was accelersted, Due tc the total mass

being accelarated at one instant the inctett»fotcta iils xosaltiﬁ were highey
chan expcctod. ‘ 3

' A multi-line snatch force attenuator was designed to replace
the single line attenuator and alleviate the prehlem of edrly canopy deploy-
ment. .The design of this attenuator wes discuased in détail in Section IV.C -
The configura:ion used on each teat ias dclerihié in Teble I.

The multi-line attenustor was used on elsven of the last
twelve tests in the Phase I test program. In these tests the number of
undrawn nylon lines used was varied in attempting to find the best configuration.
In addition to varying the attenuator configuration, the drogue parachute, ,
which extracts the miiin parachutes, was reefed in three of these tests. Since
reefing the drogue parachute decresses the force lppliod to the main parachutes
during their extraction and consequently decreases the velocity of the main
parachutes relative to the aircraft at line extension, the snatch force was
decreased. The combination of reefing the drogue parschute and use of the
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mulfi-line snatch force attenuator renultedvin acceptable snatch force

~ magnitudes as shown in the following table.

.Drogue Reefirg Line (in) &

Descriptioﬁ Maximum Force Applied per Snatch
2 | Unmodified Canopy None/ 5400 None i 2.08
21 | Unmodified Canopy ~ None/5400 4 Lines 1.51
12 | 85' Centerline - None/5400 None 2,36
22 | 85' Centerline _ 148/2430 1 - 4 Line 1,47 *
- 10 Inflectcr s " :

* This value based on 3300 pounds fur extracted weight.

This table indicetes that acceptable snatch force magnitudes

can be obtained by using a four line snatch force attenuator and extracting

the main parachutes with @ drogue force of 2430 pounds per parachute. The

‘above results also indicaie that the 85 foot centerline case devzloped a higher

snatch force than an unmodified canopy. The reason for this is that the mass
per unit lengti> of the canopy during deployment from its bag is increased, and

~ hence, a larger mass at any inscant during line stretch is being accelerated

causing higher forces.

" The multi-line snatch attenuator was used throughcut the
entire Phase II of the test program,

‘ The snatch force exceeded 1.5 g's in only four of the
fifteen Phase II tests. These tests were the two inflector parachute tests, a
G-12D parachute test and a four G-11A peraclute test, The high snatch force en-
countered in the inflector tests was attributed to the increase in canopy weight
when the inflectors are added to the skirt. It has been shown that the cinopy

mass per length is a major parameter affeOCing the snatch force.

The optimum snatch force attenuator for use with G-12D
parachute had not been determined, and hence, the snatch was high in one of
the two G-12D tests. Finally, in one of the four G-11A parachute tests the

snatch force developed was 1.58 g's and no reascn for this incresse has been
found.

b. Susvpension Sling Force Attenuation

The operation and performande of the suspension sling
attenuator has been excellent throughout both phases of the test program. In

€4
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most cases, as shown in Table I, the forces developed during the transfer
phase have been kept well below the 1.5 g limit for each suspension sling
connection point, The number of lines used in each attenuator configura-
tion weg varied throughout Phase I of the test program in order to determine
the most desirable configuration. This configuration was used throughout
the Phase II tests.

st b Sl o i Pl bl v e il

aewl it it

In addition to limiting the force developed in each sus- .
penaion sling to 1.5 g's, the attenuator was required to develup forces in : i
the system as rapidly as possible after force transfer. This is accomplished '
through the stretching of the undraws nylon lines. As illustrated in Figure
21 on page 44 , after force transfer is initiated the cargo begins to rotate
and the forward suspension slings become taut. During this rotation no
force can be developed by the standard system until the suspension slings
become taut. Since the undrawa nylon lines are shorter than the suspension
slings, they become tau: first and the time duretion when no system forces
exist is decreased.

c. Recovery Parachute .Centerlines

, In order to increase the inflation rate of the parachute
& centerline or apex control line was installed as shown in Figure 10, page 18.
In an attempt to determine the optimum centerline length, AAI conducted tests
using lengths ranging from 85 to 106 feet on the sirgle parachute tests. The
results indicated an improvement in the performance &s the centerline length
wag decreased, The 85 foot long centerline developed the smallest altitude
loss to acceptable vertical velocities. The curves of Figure 31 illustrate
the improved performance.

i e i

To deternine the cause of this improved performance, the
16mn film records were studied. The canupy diameter versus time curves
developed in this analysis illustrate that the canopy :inflation time decreases
with a reduction in centerline length. Alsvu, the slope of these curves
incrrased for the shorter lengths causing increased drag and deceleration at
all times during inflation when compared to an umnmodified canopy. Figure 32
shows the canopy skirt diameter growth with time for an unmodified canopy
and cancvpies with centerline lengths of 85 and 95 feet.

2 et Kb g i v T

However, reducing the canopy inflation time causes an increase
in the oscillatory motions of the descending cargo. In the initial portion of
the trajectory, this rapid inflation of the canopy causes a rapid horizontal
deceieration of the system with a correspondingly small loss in altitude. is
action quickly reduces the horizontal velocity of the system close to zero.

The system then begins to rotate with the cergo picking up vertical velocity
much faster than the parachute due to its weight/drag ratio being much higher
than that of the parachute. This action causes the cargo to swing down and
under the parachute and a nendulum type oscillation ensues. These oscillatory
motions are characteristics of an extraction by mains system and are readily
observed when altitude logs versus horizontal displacement, of the cargo, is

Praceding page blank
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plotted. ‘ihere is & pronounced intiraction between these horisonta) oscill-
ations and the vertical descent veloaity of the cargo which accounts for the
oscillatory character of the descent veloeity paramster. The cargo tra-
jeotories of Figure 33 depict the difference iu the oscillatory motion of an
unmodified canopy and a canopy with an 83 foot centerline muuod

To raducs the ,m;o oscillations, the cargo uight vas
increased from 3350 tu 4300 pounds (rigged weight). The effect of this
increase in cancyy loading is illustrated in Figurs 34. The results of the
4300 pound weight test using a centerline of 88 feot exhibited the most
desiradle perforyance of tha vent pull dm teats conducnd during the Phase I
portion of the tese pmun. ' ‘

| To determine the cause of the reduction in canopy inflation
time when using a centerline, the ratio of centerliae force to riser exten-
sion foves versus time was plotted for sevaral tasts. These results illus-
trate that a large peicent of thias total parachute drag force is being
carried by the centerline., “orce ratics from .3 to .3 are common ss {llus-
trated in Figures 33 and 36, This means that the force in the suspenasjon
lines is substantially reduced; conssquently, the force retarding radial
motion of ::o canopy skirt is greatly reduced and the canopy inflation rate
is increased.

Since the best mtttun pucformance on a single parachute
tent uu cbtained using an 835 foot centerliis with a canopy losding of 4300
poundo, the first tes: conducted during the Phisa II portion of the test progrem
asde wee of 8 cluster of throe G+11A przechutas wit: 83 foot canterlinss installed
te doselestte & osrgo waizhiag 12,060 pouads, T:!i2 test resulted in & termimsl
velocity which exceeded the goal of 2} feet per sucomd. This indicated that
the performance of G-11A parachutes in clusters (of at least three) using an
85 foot centerline might differ significantly from the performance of a
single G-11A parachute using the same centerline length. Further study of
the single parachute data using an 85 foot centerline revealed that the cargo
vertical velocity bayond a 500 foot altitude loss was continually increasing
during the descent, however, at altitude losses less than 500 feet the
vertical velocity was quite low. Apparently in the clustered configuration,
the parachutes were not able to decelerate the cargo to as low a velocity ~
initially as in the single parachute configuration. Consaquently, the cargo
vertical velocity increased to its terminal value much more rapidly in the
clustered parachute configuration.

Other flight tests were conducted by the Air !'oru* at the

'F, El Centro, using extraction by recovery parachute with a centerline em-
ployed. A study of the unpublished corrected spéce position data generated
on this program resulted in several plots of the cargo performance. The most
important results were illustrated by the altitude versus cargo vartical vel-
ocity, JFor saveral tests with the esms initial conditions such as aircraft speed
and cargo weight, the curves of Figure 37 show that the altitude loss to accept-
able vertical velocities was reduced as the centerline length decressed, The
centerline lengths used varied frem 935 to 115 feet,

* Data supplied by NIABS, progrem LIC 3037

68

[T,

.
e ubbliotblag s iy i

e il ot

I i i e

B T . OO S S DT



e B T RN A S o L 7 g e 4 [ J

Y ured Diel'1d D ¥ O 13T1IvvYd 30NYisid
000 Gio Gos 00L oY (V1 00% wot 00c¢ 001 0

(
ﬁ Y 0001
i
m 1
- 7 006
/7
v // \Wf
14/ 008 »
, 4 o
/4/ . / =
” [ . =
w ./ @.! § o]
| | ' 5
! B i s A
w
)
* 009 =
f 5
u’ m
e § 00¢$
-~ .
N
™
L %
. T 00
) ‘ROXYD QI A1GORNY) . p;
o (3IN171¥3IN3D ,S8) /
Z Tox is3i1 1vy _ 2T "ON 1S3l 1wy "
B
| : , 00¢
| ] /Av
| —t .
. _ m \1""
ra 00¢
/ i \
£ ~ansi. / , 7
NOSTAYARDD AY0LIArvil 001
INIDSAA 093D '
[ =
= 0




ALTTTUBE LOSS (VEET)

| L

- 300

P= 400 -

3

T
r {o
"
- 300

-

(4

AAI TEST WO. 8 R
(RIOGED GARGO WY « 4580 138) \ a

A ¥

Aaqjé""mh_ _— , ;f R .;*i
il | =.l
¢é§;" . |

ol

rq!!w/

.

etz tF T o s | |
LT | e dao ve - 330 ,.4———*
<t T T T |

1|

~3

8 1T 8

|}

ALTITUDR L0SS vy GARGO VERTIOAL
VELOCITY FOR 83
WITH DIFFERINT GANOPY LOADING

4 8+

H

—r

, . Pm '_!"&I 3 . |

1

SR S

.

30

T

40

70

30 60 70

CARGO VERTICAL VELOCITY (FPS)




P PR

sy T TR UL AT T

TR g Sk A L A

INENs L RS | 1 LR B RS BIEREE LA B A
| B8 R B RS A m;uﬁ.”u‘m“é | ks EEa Y s an, +
LI H S 5 ES ikl a5 iy ] H
1 ¥ . M T S Rl ik iy BEE R B *-1 +
- . ; 3 =t - i e oy T :
s " L S . N v e f ] . [] 4 - r . 5 ¥ H
SN W A A I R -
i Kl Ehiewd g as biwns ks nd BRESY kus ) : O N I
. Fl] LY B SR P ER PP : ¥ widd
7 sl balignr w301 LENEY AENEE ERSDY 15501 § aas,
Ly~ N - P! i RIS IR ariEnE AR SR N v
§ T v ' . L Y .4|m » - 1] PRl H 1 1
4 + LW PR K i . Yy 1" T 1 1 Y
: SRS LN LA LR . 5 w4 puatu SRS :
. 1 47 s T T 1) ST T +
,ﬁ WRAD HE LT - - - H ;
! .« 4 H . R Pt ] ! [ ! 4 )
BV W M N1 sy qrie T
J ,LrJJqIJ ] N s+ t 1 B -+ - e ({7 Jnx
. : -+ g8 4=+ 3 3 e
- T v PR 3 r : i I 1 v . [
' ? A 4 L A S B Y " Y e Far ALY 3
: ~ Py T - " T T -
i Sa TEs FEE T URES FAE Ead] EREY el
t 1 o B N 1 i ]
A LR - v i 1d v d
j i L j ] , i . 7 i
1 1 Ay s FFI 2 [
H Bl i R HERA : :
LN ] oLl El E 1y k] N
1 L s 1
I L 1 , HE y
..l..-. = s v e q -1 L.’ m T i g AN ®
A | 4 b i W - 1
AR N Iy Y : J 1 H
+ -~ 5 £ 41 ? i >
,, LY B : . i 3 i NBarES Bi
k -4 - F 3 i i
v 4 1 B 1] i ! i
[ i A m M + Jﬂ
L e B
s w wir- L‘ M d ¥ h i1 [ € [N -
e 2 s I ) 3 B + LN I - N AH
WYY ENWE . * T Ha f 1.41. v
LI T 1 i e T ]
W W 3 H i [ ¢ had
w p H f ! ¥, t e
i 3 HE B i +
R i M A ;
T 3 L B 4
.‘\lu| ' 3 R ﬂ
T F U ¥
E 4 1 ¢ 1 5| r
t i :
i LN
: RN B
i ] ) .
: 1 m . -1
LA T - L
i K B | ) H
d wm\\ -\N'.uu 1
L s 8- H =g
P ¢ ' L2 Lo -
.m i i ++r
& 1] &
H . ’
| ¥ KW ﬂﬂ :
+ 1) R
rL -*n._ﬁ_-_
1 RENERARYREI

Gl A - TR T e

e 2

71

[ I

e



— - T T 1 TR, g T AT o TR T T AT T g A €T
R Y W TSR T T T A RETT L (Lot + ~r i it s Ty i
i .

T T Y T

b

il 23:‘%“; (R TR

T ¢

gy g e C e T D T W e e F . . .

* .
L ) - . L3 )
A, , ! I Tt ] 1
N IB TN ” m 1371 1
- hacad (28 B Brara | ¥ &
. R 3 i e Sty & R +¥
L e 8 rx y SR RS R W) 1= t
21:- 3. ik 3 B isf : EX
B3 RS b ¥ LA [ BRER 3. ' - N
L ML) [EEE I [ mu . , Md
| z ‘e %1 Ty H M ) -
| i ,ﬂ ,:m,.N,, E ﬁll ﬂyu‘w ! 3 3 P
- - . ) p j ; - uf ) WEE ' s ] : i ! ] .“.ﬁ
T " 1 %A Py T ') 3 ¥
- | LN w g r
- 5 Ba ; ) ! 3 2 B2 u1
1. ' ! -

\

h.
s it
-
Jade
1

-

tQ-1°

: .

T
i

72

4

e
HOTONALXT WESIN _ o0 ve 20und

s bt s e
-
1

ool

3

i i H 111
rs IBREDERRNARREN!

o
besd ac
-
-
=
o
-
-
-
Sl

PR TR T Ly e L B e kM PRI [
"




£ xiv.,.‘ 37.,3_ .i-,ﬂqi;.?,;ﬂ_, Rl ARt < J

T RAKTUBERESEN EREN oGL
1 3 LI 1 1 M R
— - : s H {
) S " + - M . 1]
B R ¥ o . v ' n [ ] ] H
I P T s 8 ] PR m LqP 14 F ]
R O S Eaeght T~ T3 : T ! . '
.F«n ] S0 Bt BN it H.m‘. i q..ﬁ 1) LN BEER
IR N MEDEE B L e Y BB L Ty 15
~ (e ki e L . o 1 H . 80
P AR g 3 i 9 { -“ “ a1 § n =
T HHE u
$ P = 1 Y +
1 ¢ t ¥ v 1
MR H 1 - 'R B L .
3= i X IRREY FUD i1id : !
” . [ALIE IFOFI H Lite . mu . )
I RS RN i il F L
: " ~t % s YT d HE T = 117
_ R e e : i v 00
‘ H ™y p ] ) 3s
i M Y L .
L M- - T
: H [ 1
v 1 ¥ 1 1 [ 1 R
1 - ] ) 00%
i 1 [ 1 i H -
] M i H ] 3K H
1 : E By | H | 3 u
-y 1M 1 - = ™ i
+ T I_ 7 - 1 R r~
n 1 1 . 1 ’ ] Ll
! 1 4 "4 - |
! ] s ' = !
| 1 ! 4 H
| “‘ 1 b ! H Gl LD [ A 00¢ N
= - T T [ SN
'SES B
; L B I :
. N
¥ » ! i B Y ,
i L T 4?. i .w i
| * - . _ ]
1 : 1 =3 B . "
\ ! i - L
t il 1 i 007
3 - :
1 4 2
i
1
L .
3 >
1 A 1 1 !
ﬁ RN ¥ NN AR 001 |
j - . d p
. H | /
; | B 34033 '
- . | K H
i p
y |
§ T .
4 + i 11t +
+  m o i1 [N °




A
-
L
¢
L
:
4

This data 1ndieated that the drag of the G-11A parachute
vas optimum using &8 95 foot centerline. Consequently on test number 29 the
centerline length was changed to 95 feat. The results of this test and
test number 25 are compared in the plots shown in Figure 38 . 1In both
casee the aacillatory motion appears to damp out repidly., However, the
ca&rgo vertical veloc;ty, using the 95 foot centerline was always less than
23 feet per sacond after first vertical while with the 85 foot centerline
the 2% feet per aocond velocity was exceeded throughout most of the drop.

' The 93 fobt centerline, nlso produced the lower altitude loss to lcceptablo

impact’ candicions.-T

As atntad above the cargo vertical velocity nevar exceeded

23 feht pcr second after Pirst vertical using the 95 foot centerline. This

indioated that the drag produced was sufficient to allow the canopy loading

‘te be further. anteased from the 4500 pounds per parachute used. The canopy
' loading was,_incremsed to 5000 pounds on tests 36 and 39. These tosts were
- conducted £ron. an altitude of 500 feet and the impact velocities were 22 and

16 Eoet pe¥: aecond respectivelj.

31nce no tests were conducted during Phnno I of the test

i pragram uniqc @ G=120 .parachute with a ceaterline instalied, the length of

- the ctpterline to be used on the G-12D parechutas in Phase 11 was deter-

- mined snalyticiily, The centerline length was arrived at by multiplying
‘the ratio of the total line length for a G-12D parachute to that for a G-11A
' patgchute by the centerline length, 85 feet, used on the G-11A parachute.

- This resulted in a 54 foot length. This :enterline was used on tests 27

and 30. The cargo vertical valocity versus altitude loss plots are presented
for both tests in Figure 39 , and like the 85 foot centerline G-11A test
(test number 25), high terminal velocities resulted. ' The favorable results
obtained by changing the centerlire length from 85 to 95 feet on the G-1iA
parachutes is esxpected to apply to the G-12D clusters as well, but the opyor=-
tuwity to test this effact was not available

~d. Recovery Parachute Inflectors

Two types of inflectors were studied during Phase I testing,
(1) a triangular web inflexstor sewn into the canopy at the skirt as jillustrated
in Figure 23 on page 46 ; and (2) a band inflector inserteC In the canopy
skirt as shown in Figure 26 on page 47 . The size of the triangular
inflector was varied, and the performance of each size was inv:stigated. How-
ever, the insertion of this inflector into the canopy skirt caused demage
to the casing of the 550 pound suspension lines which resulted in frayed sus-
pension 1lines when tle parachute was airdropped. The band inflector was
developed to try to simplify the changes to the parachute. Although they did
not give quite the same parachute shape, investigation of the canopy after
eact. bund inflector rest revealed no canopy damage. :

The curves of altitude loss vs vertical velocity fou the

‘large triangular inflector and the band inflector show that both inflation aids
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induce oscillations such that the vertical veloeity of the cargo reached

30 fps or more during these oscillations, These curves, shown in Figure 40,
also revesl that the equflibrium velocity of the cargo is larger than that
developed by an unmodificd parachute.

The results of Phase I of the test program indicated that
the parachutes equipped with inflectors had a tendency to produce a large
syatom oscillation, It was telt that the inherent stability of a cluster
of three parachutes might damp these oscillations and prnduce acceptable
impact conditions, However, as shown in Figure 41 the expected damping did
not oceur. Figure 41 comparcs the results of test nmumber 37, with inflectors,
tu teat number 29, without inflectors. The infiectors again caused high
system oscillations, thereby, causing the vertical velocity to exceed the
nominal of 23 feet per second in many instances.

Figure 41 also indicates that the inflectors have no
significant effect on the early inflation proces . As shown in the figure,
the shape of the first '"knee'" fs simiiar for the two tests. Since this
portion of the curve is mainly a functicu of the opening rate of the canopy
and the cluster efficiency, it is apparent that the inflector has little
effect on the clustered opening process.

Figure 4! sghows that the terminal velocity of the inflector
cluster is higher than the unmodified ¢luster indicating that the inflectors
cause & reduction in drag. The vertical velocity in all configurations
exhibit an oscillatory nature and this is particularly pronounced on the
inflector modified drops. This means that the instantaneous velocity period-
ically reaches values considerably higher than the mean or average velocity.

The curves clearly indicated poor performance of the inflector modification
in this respect.

e. Recovery Parachute Reefing

On single parachute airdrop tests conducted during Phase I
of the test program the purpose of the reefing line is to limit the opening
shock force to an acceptsble value., The reefing line length was varied in the
tests conducted from 19 to 32 feet, As expected, the opening shock force in-
creased with increasing reefing line length. The 19 foot length resulted in
acceptable force values when used in combination with the multi-line snatch
force attentuator, The results are summarized below,
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1
i Test Description Reefing Linc Snatch Opening Shock i
No. Length ({t) Attenuator Foree (a's)
21 Unmod if {ed Canopy 32 4 lLincs 2.00 )
f 11 95' Centerline : 25 None 1.71 . :
95' Centerline k
23 -"10 Inflector 19 None 1.61 !
i 95' Centerline o ‘ i
L : 20 210 Inflector | 19 4 Lines 1.51
( 85' Centerline ]
) 22 =10 Inflector 1 4 Lines 1.21 ' 3
] . 148" Reefed Drogue

This length reefing line was used on the first test, number 25, of the Phase II
portion ¢ _he test program and the results (See Table I) indicate that the 19
foot reefing line developed an opening shock force well below the 1,5 g limitation,
Although it is required to stay below the 1.5 g limiz, it is also desirable to be
as close as possible to the force limit in order to get the most efficient

use of the parachute. By assuming the theory of Berndt and DeWeese (9) applies
for piredicting the drag area and the opening shock force is equal to the sum

of the drag force produced by the parachute and the inertia force of tue
parachute, & new reefing line length of 23 feet wes determined. The new

reefing line len resulted in opening shock forces less than but close

to the . - 5 lir .+, basod on an extracted weight of 4750 pounds per para-

chute for the remainder of the acceptabls tests with the exception of test
number 35.

_ . ' :ond posgssible problem,which is shown in the tele-
metry traces of F. .re 42 for test 35,was the uneven filling of the parachutes. ]
One parachute, although it suffered no damage, filled faster and consequently
carried & greater load, up to 22,000 pounds , than any other parachute. A
weaker caropy may have failed under such extreme loads. If this performsnce
is typical, then a second reefing line would have to be installed to provide
a more even inflation of the parachutes by holding the parachute which is
inflating faster at a known diameter while the others are catching up. This
of course, would increase thc altitude loss to acceptable impact conditions
aud could conceivably cause the allowable drop altitude to exceed 500 feet.

The early termination of the test program prevented further investigation of
this areas.
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f. Recovery Parachute Line Length

The rtlcr\dk:dnoion line length was varied during Phese I of
the test program from 20 to €9 feat .n 20 foot iuterxvals to determine the most

desirable length, Thea Snat:h forces resulting for each different riser exten-
sion length were: ‘

Test : Length Of Riser Snatch Force
No, . - Extengion (ft) (z'8)
10 60 1.62

] DR U _ 40 .21
2 - 40 2.08
12 20 | 2.36

Eack of theso tests were similar in the respect that no snatch force atten-
uators were used, ‘

The results i{lliugtrate that reducing the riser extension

Tangth increases the snatch force. The forces of the two 40 foot line length

CrBta dif er becausde &8 95 foot centerline was used on Test No. ll. The increase
in snatcn force with increase in line length is attributad to the dependence of
this force on (1) the relative velocity betwean the cargo (restrained in

the aircraft) and the recovery parachute in its deployment bag; and (2) the.
spring rate of the lines connecting the cargo and the parachute. The curve

in Figure 43 of the relative velocity versus distance between the cargo and
parachute centers of gravity illustrates that the change in relative velocity
is small for the¢ increased distance along the flat portion of the curve.
the test conducted, the relative velocity variation for the lengths tested
is negligible and the predominate factor is tha line spring rate. Hence,

increases in line length which, in effect, cause & reduction in the line
stiffness, result in decreasing the snatch force.

For

The selection of the most desirable riser extension line
length is dependent on tne value of the snatch force and the resulting system
performance. Investigations reveal that the ghortest length develops the
best performance in terms of minimum descent altitude, and cargo oscillations
whereas, the longest length results in the lowest snatch force, the largest
altitude loss, and the highest horizontal velocities. The 40 ft. riser
extension length has been selected as the most desirable length since this
length develups acceptable cargo impact results and a snatch force value

which can be decreased by use of a force attenuator plus a reefed drogue
parachute.
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B Recavery Parachutle gxtracttfon Plat lorm

Since there s inaulilelont roam to atore more than loar
pavachuten on a ltoad and oxteasc thow batlintteally with adequate ¢learance
above the cavgo compavtment Floor, a separate parachuate extract ion platform
wits destpned,  (Sce Fipure 26 pape 49 ), 'thin plat torm was inaed on test
meabor V5. During the deplovment of the platform 1t retated Forward in the
atveratt and translated taterally enough to grage a wind deflector mounted
on the afeeralt vamp. The Forward rotation was caused by the combina: fon
ot the drogue parachute forve being applicd below the aenter of gravity of

the pavachutea as shown below, and the lack of vertieal restralnls belng
applied to thoe plattform. '

Parachute Stack

Conter of Gravity

aarz/n”’0f~varachutea - ‘
e
:" | Application Point

Of Drogue Force

although retractable vertical restrainis were located on the rails at the
pos.tion of the platform in the aircraft, none of these had been engaged.

Were they engaged, the reaction force between the reatraints and the
platform could have prevented the forward rotation.

The lateral tvanslation which ociurred resuited from the
aft restraint force being applied »n the right side of the platform cnly.
The indent/detent locks are located on the right rail., One lock had been
engaged in the platform and was set at its maximum of 4000 pounds. As the
drogue parachute inflated it applied force to the platform which was dis-
tributed eve..ly to both platform rails. This force was reacted by the
en~gged lock or the right hand rail which induced a cocking momant in the
platform. When the drogue parachute force was sufficient to diaseugage the

‘lone ~ail lock, the platform rotated because of the cocking moment and hit
the wind deflector on the ramp.

Grazing the wind deflector induced a rotation of the plat-
form about the line of flight of the aircraft. ‘The parachutes still deployed
with no tangling o:r damage aad were able to successfully recover the load,
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Therefore, Lf no oscillation is occurring the vertical
velocity at equilibriun -is @ constant, and if ogefllation is occurring then
the value of the vertical velocity is constantly varying about, vome cquili-
brium vaiue. : : :

, The results Tor a cargo descent with little oscillation
are shown in Figure 40 , ‘Micsc resilts #re for test No. 21 which ineluded
twn T-10 parachutes for reduction of the oscillation, and an unmodificd
recovery parachute., The wind velocity was light, approximately 5 knots, and
the performance which resulted was axcellent. The altitude luss to accept-
able vertical velocities was higher than several of the tests which included
centerlines, however, the altitude loss was more thar acceptable at a value
. of 325 feet. The resulting horizontal velocity at equilibrium was the lowest
recorded, As was the oscillaticn angle.,. Te results of tliis test are compared
to tlie performance of thc best centerline test (tes: No. 22 which utilized
an 85 ft centerline), in Figures 47,48 and 49 . The comparative rplots
-veveal the desirability of the system using an unmodified recovery -parechute
- and two T-10 parachutes for damping as opposed to a single recovery parachute
with an 85 foot centerline and a 22% increase in caaopy loading. However,
combining tie use of an 85 foot centerline length, and two T-10 oscillation
damping parachutes, and increasing the canopy loading by approximately 20%
should result in the optinmum performance.

i. System Feasibility

A major objective of the Phase II portion of the test program
was the demonstration of the feasibilicy of delivering cargoes weighing up to
35,000 pounds at altitudes iess than S00 feet, Due to the termination of the test
program the only attempt to deliver a cargo from 500 feet was confined to a
cluster of three G-11A parachutes extracting and recovering a cargo with a
total system weight of approximately 15,000 pounds. Three tests, numbers 236,
38 and 39, were conducted from this altitude using this configuration.

These tests were highly successful. The only damage iacurred during the
tests was & bent platform on test number 36. Space positioning data was
obtained for tests 36 and 39 only. The vertical velocities obtained from
this data were 22 and 16 feet per second respectively. Three tests were
conducted in the heavier cargo weight range (20,000 pounds and above) from
an altitude of 2000 feet. Two tests, number 31 and 3Z,using four G-l1A
parachutes on a 20,000 pound cargo and druvpped at 2000 feet provided little
useful information. High aircraft rail restraint and the early disreef

of one of the parachutes in the cluster in each test caused the lack of
useful data. "

The third test, number 35, using five G-11A parachutes on
a 25,000 pound load was quite successful and the data obtained is bnth
useful and encouraging. As shown on the plot of the vertical velocity versus
altitude for this test, Figure 50 , the altitude loss to acceptable vertical
velocities was within the 500 foot limit. The horizontal velocity and impact
angle at 500 feet were approximately 36 feet per second and 15 degrees
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respectively. However without specified horisontal velocity and impact angle
limitations, no predication can be made that such impact condicions would be
acceptable.
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RECOVERY PARACHUTE EXTRACTION PHASE
(Nota: Extvaction ia mot one~dimensional as depicted in sketches)

Recovery Paracaute in Deployment Bag

Zi";""?q etxtrlccion (drogue) parachute assumed

Cargo restrainad in aircraft at aircraft aspaed in einlly.

(1) Scart of Recovezv achute E e

- extraction pavachute in fully inflated state and
recovery parachute located on cargo in aireraft.

Parachvce lines being
deployed (lines ara not fully extended)

—<@ gtraccion parachute

Cargo rescrained Recovery parachute
in depioyment bag

(2) Deployment of Kecovaery Parachuta Lines

- the recovery parachute lines are acsumed waightless duriug
their deployment from the deployment bag

- the line connecting the extraction parachute and e dnploymcnt
bag is tsnumed inelastic.

Recovery parachute lines

fully extended Extraction psrachute

-J;;;li1ra ) A “E:}" ~D

Cargo restrained - Depicyment bag

(3) End of Recovery Paracliute Extraction Phase

- end of this phase is defined as the full extension of the
parachute lines, the lines are taut and have not begun to stretch.
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CARGO EXTRAGQTION PHASE

‘E]..st iC 1 inag
‘ :"""'lll::::=====
Reqovery parachute fully duployed
Cazsn w-estra;_nwd in - and inf atmg
alrcratt. .
(1)

By Development Prior to Cargc Extraction
= canopy Lnt“athg and incraasing force in lines.

Recovery parachute

. 4 Cargo md&ing’in alrcra.:
£2) Cargo Relaase

= the forca developed by the racovery parachute exceeds the cargo

rastraint force in the aircraft and begins motion of the cargo
Lalative to the aircraft.

- the cargo is constraln«d in che aircraft from dny vertical motion,

Ramp edg Reaction force betﬁeen cargo Recovery

and ramp parachute

(3)  End of Cargo Extraction Phase

= teymination of this phase is when the center of the reaction
force R bstwean the carge platform and the alrcraft ramp reaches
the end of the ramp or when the net moment about the cargo c.g.
created by the reaction and extraction forces changes from zero.
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'CARGO TIP-OFF PASE P . | |

Ree very rarvachat -

el cawgs rotatienm

——

: o0
B . e

(i) Catg: Rctaticw Dur{gg_ >~:f7

‘ - C&TRO ronatrs ‘and translat 8 uries *Qflu ~ACE ct corgvery
' ' perachuta 4c"ce. Lo 5 : L o e

B

“ canopy“infla;ién cantinuns thrcighcur7thxs phas -

) g — %—” T T PN it
E L } ‘ . i N ) ..
\ . o B . ER .
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(2) End of Tip-Off Phase . 9

-'Tip-c:f phase «<nds whin the r-action force at thes =nd of the Cd

ramp becomes zero or bzcausa the front adge of the platicrm
moves aft of the ramp =ige,

eI LT e
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the aystem results.

LAY

2, Discussion of Cemputer Input Data

The results.of the two=dimensicnal airdrop computer program
have revealed the importance of correct input data to accuractely predict

The input data requires numerous tabhular values which

define the parachute diamcter growth and drag charactertistics as a function
of time, and the parachute lines {orce versus clongation., Ihe general data
required is a function of the cargo-parachute system. ‘Ihe nomenclature for
this general input data is defined in the following table,

Nomenclature Units Definition
|Payload Characteristics
WL 1b Rigged cargo weight excluding parachutes
(recovery and extraction)
XIL slugs-ft2 Cargo tumbling moment of inertia
XKL b Drag function = g GCpA
C ft Vertical distance from extraction point to
cargo center of gravity
D ft Vertical distance from platform to cargo c.g.
G ft Pallet length
XLPAL ft Longitudinal distance from extraction point
to“c.g.
EPT1 ft - Longitudinal distance from c.g. to forward
“sling attachment point
FPT1 ft Vertical distance from c.g. to forward sling
w.actachment point
EPT2 ft Longitudinal distance from c.g. to aft sling
attachment point :
FPT2 ft Vertical distance from c.g. to aft sling
attachment point
S ft Longitudinal distance from the initial cargo
' position to the ramp edge
XLO ft Initial X coordinate position in space
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Nomenclature Units * Definition
YLO  £: 'Initill‘Y coordinate position in space
_.FRLSE b Release force
| Rgcovgfy Pnraéhutg Characteristics
NPARAS - ”Nﬁﬁber of recovery parachutes
WP . 1b ‘ .Qeight of single recovery»parachuté
DCAO bftz Fully developed drag area of single
recovery parachute.
TFILL sec Filliag time.
CDEP -- Cluster drag efficiency factor .
Recovery Parachute Extraction goﬁditions o
XPLTO fr Tnitial X coordinate of ex;;aéfioﬁ.paracﬁute
YPLTO ft Initial ¥ coordinate of eﬁt}actionfpafachute
 wPLT 1b A Weight of extraction parachute |
lNAPLT ib Apparent and included air weight within
extraciion parachute )
XKPLT lbf; Exfractinn parachute drag fﬁnction =4 . Cﬁﬁ
~ XRAGO ft Initial X cocrdination of parachutg/bag -
lﬁfYﬁAGOVM v'ft Initial Y-coordinate of parachute bag‘.i:“
WBAG | 1b Weight of parachute and bag
;y-XkBAG 1bv Parachute bag drag function
| XLBAG' fr .. Half-lengﬁh of parachute bag'
.RC ft. Flat (constructed) radius of canopy
WLNES - b Weight of parachute lines (riser and suspension)
and riser extension
WCNPY 1b Weight of recovery parachute caropy
Wb__ 1b ~Empty parschute bag weight

AT ‘.““:‘:‘:-

sl v i L
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Nomenclature Units : : Definition

Afreraft and Descent Conditions

VAC ft/sec Alrcraft veloc ity
DEL ' "degrees 'lep angle
RHO . slugs/ft3 Alr mass density
ﬁ' YLEND £t . Deacent distance to impact

These input parameters are primarily dependent on the geometry and
weight of the various components of the airdrop system. The tumbling moment

of inertia for a given weight cargo can be approximated by using the curves
of Reference (1). : :

. The remaining input date consist of tabular values descxibing the
following:

e Individual parachute line tension versus length (e.g. suspension

line tension versus length) Diameter ratio versus total fill-
in time ratio

e Drag area ratio, apparent air mass, rate of change of apparent -
air mass, included air mass and rate of change of included air
mass as a function of diameter ratio.

Force versus Length

The force versus percent elongation data for each parachute line,
including riser extension, riser, suspension, suspension slings and any
additional lines employed such as undrawn nylon lines; is vequired tc predict
the stretching of the line during the development of the line tension force.
The snatch force and orening shock are the most important forces in addition
to the suspension sling forces. The computer program combines these variocus
lines and develops a resultant line tension versus length table. This data
was obtained from linited static tensile test conducted at AAT, The resulting
tensile force versus elongation data has bheen plotted in Figures 51 through

53 for each parachute line considered. In the case of multiple lines; e.g.

twelve (12) risers, e.g. 120 suspension lines; the curves reflect the total
force for each set of these lines. :
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DIAMETER GROWTR WITH TIME
HL FOR G-11A CANOPY « #
FIGURE 54
——
DROP #2 coemem
DROP #4 - e o=
|
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l6
!
4 f— 217
’ "‘
7
.2 '
b , - -
- LA g 1
-
0 W2 A .6 .8 1.0 ‘
NOTE: THIS DATA WAS OBTAINED FROM READING lé6MM FILﬁS

TAKEN BY AAI.
D = SKIRT DIAMETER
Do = CONSTRUCTED DIAMETER

te = CANOPY INFLATION TIME
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SIDE VIEW CF PARATYITE

One method ra rasolva this film r-af:ing ryoblem Ls tc d-%

L nL
caﬂopy arez ot the skirt and ger:rele wrea varscs tlme data, Eoweyer, trlis
mathod was rot =r.2d during the limited E.hg*“ eS8t program,

i s A

Ths zurves of Pigurs 55 presaan the JlLam.ter grewth wisn time Zez rha
thuesry of Refarence (1%) and Barnit and DeW-es< (9) whizh iapicts tha vaziar.on
of rha two thenrsrical spprnaches, v : ‘ :

Canopy Drag Arae

. The canopy dreg area is defineld as the drag creifici=nt timss the
avea which develops this drag cceffirient, Tcx many serodynemic she,es,
dataymination of this pa-ame=-2r is reascnably s'nmpl=. A model can bx ingev..
in & wind tunnel and the fSorces »acordad or velcilty decay data can b~ us<d =«
compute the drag ccefficient. Kew-ver, tancopy ‘vag differg from s.lia beidy
drag beceuse of the preblems associated with scale factuvs; th~”wtcr~ .o
satisfactory experimentsl methoa has been ‘isve c-d to date to actux mtely
predict tha canopy drag. Drag dara, tharefore, is normally generat=! from
eithar flight tast cr captiva type test risults.

yor

s o

A wide variatica in the aerndyrami~ ¢vag bas baen muasurel oo savil-
cenopies, espzcially orn solid cl-th rencplias such as the fiat cicoulan, T4is
4ivag veriation s Aue to the irstabillry ~£ this ty~e of canory: Wiai cam=il
teste reveal that on'y ong statlcally stabi:™ [rsirinm ~~visrs far a flar e

cancpy during shesady deasaant,

*Static stabllity zayulrzas rbm/do< (rarz: cf nange of the piochimimer
aeeffictiant with angle ¢ % atrack) £: be asgatio.,
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0 Statically Stable Angle -
Of Attack During Steady
+C Descent :
m
< 0
-C
m

The drag area rate of growth for an inflating flat circular canopy
is presented in Figure 4-85 of Reference!3 and re-plotted as Figure 56 ~f
this report. However, tnese data tdo not agree with that obtained by Berndt,
The computer results of each theory are compared and discussed in para 3
of this section. The data developed by Berndt and DeWeese were used to obtain
good computer predictions of the actual test results.

Apparent and Included Mass Terms

'The apparent and included mass terms were discussed in the January
1968 Status Report (4) and agreement between theoretical and experimental
values was lllustrated for a fully inflated canopy. However, the theory
~ differs in the prediction of these mass - ns for the inflating canopy.
Figures 57 through 60 illustrates the res 'ts of the present theories.
Reference 13 has developed the following equations for defining the apparent
and included mass.

6 . .3

m, = 99.1x 107 0 D2 T1.71 - (T - 1.31)%]
1982 x 1078 _ 3 ..
f, = 2SS0 o (1 - 1.31]
| t o
£
| 03 5/2
my = 60,075 x 1076 D,
' e
o - 150:2 x 10 3 32
ma = t
B f
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Where!

m, - included canopy mapa slugs
mi = rate of change of included mass slups/nce
my ™ apparent canopy mass Nlugs
ﬁ. = rate of change of apparent mass slugs/sec
T = dimensionaless time ratio - t:/tr emea
te = time to full inflation sec
Do = constructed canopy diameter ft
o = air density ratio - o/p —--

The theory of Berndt and DeWeese ( 9) neglects any apparent mass

and uses the grometrical equations defining the canopy shape to determine the
included air mass. (The volume is computed for the geometrical shape and

mult‘plied by the air density to determine the included mass), The resulting
aquations are:

for

for

Where:

T< .3 q d
3 de2 9, legs Loge 2
m, = of.22644 DI +1.3348 D T-5H* + (—;-") (——) + (—-§—-) 1)

T>l3
d_2 d d d, 2 3
i By by 4 (—h 2.2 - &)
m = o{FHED +PEP P Traa’Grre i
DP = canopy projected diameter ft
dx = ,9786 Dp (see Raference 9) ft
{ = @ffective skirt diameter ft
eff
d1 = gkirt diameter ft
h = canopy length £t
p = air density slugs/ft3

a, b, c are defined in (Reference 9 , see page 17 )
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Expsrimental determination of these mass terms using flight
test results {s difficulc, since the inertia mass (mass considered accelerated
or decelerated) of the canopy is increased thereby increasing the ratardation

(drag) force of tha canopy. Writing the equation of motion of the canopy in
general form illustrates this fact,

%; (mv) = F

m +mv =T =D

Where!

mw m1 + m. + me
th = ﬁi + m‘

.(m1+m‘+m°)l-T-D- (ﬁ\i-i-rh.)v

and defining terma:

T = line tension force
D = canopy drag force
L indluded mass
m_ = apparent mass
m, = canopy cloth mass
v = canopy velocity
a = canopy accelaration
The separation of each term of the equation was performed to pre-
dict the correct vaelues for the apparent and includad mass terms for specific
flight tests, however, the results were not conclusive enought: to determine

the actual values of these mass terms. Computer studies have revealed that

the equations and assumptions of Barndt and DeWeese result in the most accep-
table performance prediction.,
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3. Comparison Of Experimental & Theorotical Results

The twoedimensional computer programs developed for use on
the EXIARP program have shown compatihility between the experimental test
resuits and the theoretical computer resmulta. The theory used to predict
the parachute infletion and drag was that developed hy Herndt and DeWcese,
However, Dr. Helnrich's work presented in Reference /3 was also investigated,
and the results obtained with each of these theories compared.

The computer program results were comparced to the experimental .
test data by plotting the cargo trajectory, the altitude losas versus cargo
vercical and horizontal velocity and the total line tension versus time.

After studying several of these plots, the plot of altitude losas versus cargo
vertical velocity appeared to beat illustrare the compatibility of the experi-
mental and theoretical results, Several general conclusiona could be drawn

from the comparisons which were me&de gbout the prediction capabiliity of the
computer program and the thaory used,

a., Since the parachute cargo system was influenced by the
wind, the accurate prediction of the impact point could
not be obtained. This area is one which will always
limit the usefulness of the computer program because the
actual wind velocity must be known at the time of the air-
drop if trajectory accuracy is desired.

b, The ocscillatory motion of the descending parachute cargo
system requires knowledge of the aerodynamic damping
coefficients which has not been considered in this study,
Therefore, the true descent velocity profile is not pre-
dicted accurately. The oscillations of the cargo vertical
velocity as a function of altitude are not correctly pre-
dicted, but general agreement is good with only the extreme
velocity values differing in value.

¢. The theoretical and experimental curves for altitude loss
versus cargo vertical velocity were out of phase in many
cases because the parachute inflation theory of Berndt
and DeWeese does not predict the over-inflation of the
parachute cancpy. Investigation of the vertical velocity
curves reveals that the deceleration of the cargo decreases

rapidly after full inflation of the canopy. This ia {llus-
trated in Figure 61,

d. The line tension versus time curves do not realistically

predict the opening shock force when the parachute is reefed,
or the opening shock force after force transfer occurs.
The proper skirt diameter and canopy drag versus time is not
available (and attempts to compute this data proved un-
successful) for reefed parachutes. The force transfer
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phase was eliminated from conslderatlon after preliminary -
analytical investigation showed the complexity of pre-
dicting performlnce in this area,.

~ Several tests hnve been analy?ed in dotatl aud the cOmpatibility .

of the computér and test results are illustrated in a series of figures., Test-
numbers 2, 3 and 4 have been studied in-depth und several other tests were -
analyzed to confirm the findinks of these investigations. Also, considered

were three separate clustered parachute~cargo tests including the 25,000”poqnd

cargo test using five G-11A parachutes,

The theories of Refgrence i3 and Berndt and DeWeese (9 ) were
used to generate the input data. The computer results revealed the inaccurs
acies 6f the theory developed in Reference 13 . Using this theory the
program generated a snatch force -f 21,000 pounds compared to the 6850 pound
snatch force actually developed ou test number 2. Further gstudies revealed

~.“that the apparent and included mass terms were far too large to generate
"acceptable line tension forces. Therefotz, the cOmputer sludies were made
,uslng the theory of Berndt and DeWeese (9).

The theory of Berndt and DeWeese has resulted In reasonable

5 agreement between test and computer results, except that the line tension_

versus time curves generated f¥um the computer program do not agree in® shape.

"However, the magnitudes of: ‘the snatch and opening shock forces are reasonably

correct. The following table cqmpares fo:ce,levels £or tesC»numbersf2 and 3

number 3 does considgr a preliminary snatch a.tenuator, Singlgwjine COn~;”
figuration, , - i _

| Test No.

These'cdmputer runs .reveal that the‘épparenﬁ(and”included méss

~ terms are small during the initial inflation period, and that the drag force

is only a small percentage of the snatch force compared to the inertia force.
Further improvements to tha canopy growth equations must be made to account
for the variation in the line tension versus time curve which is generated

- from the computer program. ‘Figures 62 and 63 compare experimental and

theoratical_results'fot tasts number 2 and 3.

Plots of altitude versus cargo vertical and total horizontal
velocity were made to compare test and theoretical results. The vertical
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velocity curves of Figure 64 4{llustrate that the equilibrium velocity pre-

dicted by the computer program is high. This is attributed to either; (1)
the fully inflated drag area predicted by Berndt and DeWeese is not large
enough; or (2) the apparent mass at full inflation of the canopy is not sero
as vas initially assumed. The curve of Pigure 85 reveals that more com-

patible resuits are predicted when the fully inflated canopy drag is increased.

The total cargo horisontal velocity and the descent trajectory
of the ocargo are the most difficult results to predict. The reason for this
difficulty is the effect of the wind on the descent trajectory of the cargo
parachute syste.. and the extreme variation in the wind velocity and direstion
for altitudes below 2000 feet. 8ince the computer program
is two dimsnsional, the affect of any wind velocity on the descent
trajectory is not considered, .except for the increased airspeed of the air-
craft relétive to the ground., This incressed aircraft vulocity is most
{mportant in pradicting the snatch force that the cargo experiences during
extraction. Plots of the test results for cargo motion in the horisontal X-Y
plane, the vertical 2-X and 2-Y planes* shows the irregular drift of the
cargo during descent caused by the wind variation with altitude and the
instability of the descending pardchute. Figures 86 chrough 69 aompare
axperimental results for the cargo total horisontal velocity and trajesctory
with actual test results, and i{lluastrate chnt the theory of Berndt and

DeWeese results in a more correct prediction ‘of the test results then the
thhory of Rcfcrnnec 13,

Possible methods of toductns the affect of the wind on a des-
cending parachute system wers studied by Talley (15). The parachute flight
path is graphically illustrated to show the influence of drcp altitude, rate
of descent and the variation of the wind structure with time in Talley's

‘report "The Effect of Wind on Parachute Delivery Accurscy'. The results of

Talley's study showed that the induced wind error due to drift was reduced
by a factor of two when the descont altitude was decreased from 1200 feet
to 600 feet. Also, increasing the rate of descent from 18 fps to 24 fps
resulted in a 25% reduction in induced wind error. Hence, the most desirable
airdrop system from a standpoint of wind drift is one which is dropped from
the lowest possible lltitudp vith the largest possible descent vdloet:y.

The critcrin for an acceptable horicou:cl impact valbcity wvas
initially set at 10 fps plus & maximum wind velocity of 15 knots or 35.3 fps
as the maximum velocity. This criteria is questionable, since no study has
been performed to determine the horizomtal velocity at which tumbling occurs.
The vertical velocity, the angle of the platform, and the angle and velocity
of the parachute relative to the cargo are some of the parameters affecting
the maximum horizontal velocity of the cargo at which tumbling will not occur.
Since most test drops ara conducted at 2000 feet, large horisontal velocities

* The X, ¥, Z coordinate system at the test oite in which the DZ is
located is used.
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of the cargo and/or high angles of impact dov not oxist, and hence, no tumb-
ling of the load rosultn, llowever, at lower descent altitude this problem

is more pronounced and must be investigated in deotail sincc no eoxact criteria
other than "the load did not ovarturn" exist for determining acceptable
horizontal veolocitics.

The compatibility of the computer results with actual test
resulta lv i{llustvatod for  tlirewe &nd five U-11A parachute clusters in
Figure 70 and 71 . 1In Figure 70 the sudden change in the veloclty oweurs
at the time of full inflation clearly illustrating the need to predict the
parvachute ovar=-inflation. Illowaver, tha results of both figures are most
encouraging, and roveal that the performance of different parachute clustera
can be predicted with rcasonable accuracy. '

The results in this aocttoh have bgen presented to indicate the

_ degrea of compatibility which presently exists betwean the theoretical and

experimental resulta, ‘lhe computer program and the accompanying input data
dafined in the preceeding sactions has been used to predict the results for

~ the detailed system performance ntudy of part & .
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Ao Svxtom Pertormance Envelope Stikly
a, Background .

e objectives of the system performance cnvelope study
wits to analyee the trajectory and bedy motfon of typicai cargoes to determine .
the effecta of the system operation.  Therefore, mmerous computer programs
woere developed i an at tempt to accurately predict the performance o the
EXIARE svatom, The aceoptability of the computer program results was
thiustrated in the preceeding part of thia section. lowever, several com-
peter fnput parametoers values were dotermined empirically to arrive at
acceptable theorvetfeat solutioms,  These parameters were the canopy inflation
time and the parachute drag arvea.  For the single parachutle airdrops the
imrlation time obtained from reading the 16nm (1 lms resulted in good corre-
tation of the oxperivental and theorctical results. Also, by determining the
average vertical rate of descent from investigating the cinctheodolite data,
the parachute drag arca For the steady state descent segment of the tra-
Joctory was computed by cquating the aerodynamic drag to the system weight.

The determination of the inflation time of C [1A parachutes in
cluste: configuration was much more complex. The use of motion pictures to ob-
tain inflation times was impossible because of the difficulty in distinguishing
the individusl canopy skirts in the pictures, This is illustrated by the infla-
tion times read by the filwm zeaders at El Centro for the test raquiring five
G-11A parschutes. The .verege time read was 9,05 saconds but the range .
of times was 4,76 to 15.2 seconds, Hence, another method was developed to
determine the inflation tiwe of clustered parachute configuration. Using

the proper computer program to analyze the parachute cluster and cargo .

performance, the inilation time was varied until the computer results

matched those of the flight tests. Care was taken to use the correct initial
conditions for each fliglit test analyzed in this manner with special con-
siderationgiven to the ltine length and total system weight parameters. This
trisl-and-error sclution for determining the i~flation time worked very well
for the flight tests which were successful.

To predict the system performance over the entire carge
veight range, test data was needed for the final EXIARP system selected for
each individual parachute configuration. Unfortunately, this data was not
obtained for several parachute configurations because; (1) the test program
was terminated prior to running fiight tests using more than five parachutes;
and (2) the final system components were modified &s a result of the cluster
parachute tests which were conducted. As & reeult of these occurrences only
three tests could be used to empirically compuie the canopy inflation times.
These tests used a 95 foot centerline and the inflation time versus number
>f parachutes is plotted in Figure 72. Extrapolation of the data beyond
five parachutes is questionable, however, this method is the best which
presently exists and consequently was used. The resulting curve is a straight
line definad by the following equation.
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Whaeag

ts = canoly Inflation tire as dafiral by Berndt and
DaWuasa (tima interval from skir: exiting the
dezloymant bag fo the first dsvalopment of the
st sady-stete canopy diameter).

N - number of G-1lA panchu:u.

Crrputation of the drag avaa of ths vcr!.o.u parechuta
slustres tiar i was compllicatad by the fact that tha wertical rate of daascent
o€ tha carge 112 nct rsach a stsady state vaius uztil the last 100 fas:
ed lascant L the 2000 foot airdrops wheu usi-z a 95 foot ceuntorline and
hanca, sncady sta<e corditions wers not achlevad ir tha 500 foot drops. It
was boped chrt & clustar afficiancy factcr for sach clustered pexzachute2 corne
Siguzatizz cuild be obtainad by ratioing the clustar parachute drag area
t> tha single parechute drag arsa. Though this computation prova’ fruitless,
tae affa¢t 8 zha clustsr affizlancy factor on the {nflation time computaticn
was [nsignificant snd hance, the {nflation tima aquations davnl.aped pTavicusly
eould be usal for this study. ,

Because nf tha complexity of dsescriding tha parachuta acnd
sazgs> phrformency, s sirgle performancs pavamaisar bas bdeen selacted to pze-
sant the rasulze pralictad by the computer programs for the system performance
unvalops, This puramatar is the cargo vertical wslocity. Comparisons of ax-
puzimantal and thesratical results have shown that the cargo wvertical velocity
is ot saneitiva 20 the wind (with tha exciptinn of tharmals)., Othar parameters
sach as cargo trajsctory atd horisontal velocity ara impcrtant but tha correla-
tice dztwean tas” and computar run is good only when the teast was u.cnductod in
2 zaTo wind v Lrommsni, | ,

‘ : in uoiu tha cargo nrtical velozity parametey for this
study, the limitirg valus has Baen dafinad in the contract scops and tha
axcapreadility of each alrdrop ( from s vartical impect standpoint) can bde
as:artained immedliataly. Studias have shown that the curves of slitituds
lo3s vazaus cargy> vertical walocity for the experiswmtal ard theorstizal
rasulis agm:2 extomely well until the sa~und kz2a in the cargs trajeziory
3aurs. Aftay this point tha sffact of parachurs over irnflation especzially
with the aaxmncrli=e installad in chs parachi®s cauzas variatioue in the
wareical valocity pradicted by the computer programs and tast results,

#ig.72 73 1llustrates tils variation. Tharefora, the point at whi:zh tha
‘argo ves2ical moocity reactas 23 fps, batwien first and second kness of the
das-azt rrajactory, has baar used to prasaert snd compare the axpacted system
varforaas.ce, is point s shown in Plguze 73,

S
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b, Rcaults

. Theve are numerous parameters which could be investigated
in a study of this type with an i{nfinite number of combinations if the
interaction of 211 theme parameters were atudied, Therufore only thosa paramcters
have beon sclacted whieh aro the most important based on past oxperiaence.
revious parameter atudies have used a general case which had & known set of
initial conditions to analyze the effect of varying different parameters.
In this program two such gencral cases have been used to evaluate the system
performance envelope. Thesc cases will be refered to as Cases I and II for

discussion purposes and the partinent computer ihput data for thesc cusus (s
summariged below. _

Since these studies were performed earlier in the prcgram
several input values have changed. For example, the cargo weight per para-
chute has been increased to 5000 pounds from 3500 pounds., However, these
general case studies illustrate the effect on system performance of varying
any given parameter. To illustrate the expected system performance, the
actual EXIARP system has been analyzed over the entire cargo weight range of
2000 to 35,000 pounds. The expected parameter values have been used fer
this investigation.

Parameter Case 1 Case II

E Number of parachute | 3

; Type of parachute . G=11A G-11A
. Cargo weight (rigged) 3500 1bs. 12,000 1bs.
E % Drop zone elevation Sea Level Sea Level
ii % Aircraft speed 130 knots 130 knots
E]‘%; Wind condition No Wind No Wind
Platform length 8 ft. 20 ft,
3 Position of cargo 1n\aircrﬁf: ; At A/C c.g. At A/C c.g.
1 Line length | 138.5 ft, 138.5 ft.
1 Canopy inflation time E | 8.62 sec. 5.0 sec.
é Fully inflated canopy draéyarem* 7242 £l 7242 £¢2
;‘ i Cluster efficiency factor | 1.0 1.0
1 z Drogue parachute size 15 ft ring | 28 ft, ring
% i slot slot
3
F

\
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e following list of parameturs hnu hnun lnvnutiuated tn
determine their affect on system perforsance,

Genoral Case 1 was used to invostigate the .....

e -canopy loading, W/ GDA
e cargo releasc force
® droguc parachute reefing

and Gencral Case 1T was used to study the .....

canopy inflation time

line length

cluster cfficiency factor

cargo location in the airecraft prior to releasc -
platform length

aircraft velocity

cargo weight

The results presented reveal that the cargo weight, the
line length, and the canopy inflation time are the pArameters which effect
the cargo descent and impact performance the most. The extraction force
is (ffected primarily by the aircraft speed, the drogue parachute size, and
the canopy loading. A discussiori of each of the above parameters is pre-
sented as follows.

(1) Canopy Loading

The rigged cargo waight was increased from 3550
pounds to 4500 pounds for a single G-11A canopy to obtain the variations
in performance which results when using extraction by recovery parachutes,
The ollowing results were obtained:

e The snatch force in pounds was the same for both
weights, and the opening shock increased by enly
a small amount (several hundred pounds), however,
the g loading of both forces incresased by the
weight ratio (4500/3550) for the lighter weight.

o The altitude loss to an acceptable vertical
velocity value increased for the high weight case,
however, acceptable velocities were obtained at
an altitude loss less than 500 ft,

@ The increased weight case caused small reduction;
in the horizontal veleocity and trajectory oscilla-
tions.
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In general, the resulta appeared acceptable for descent alritude of 400"

or more for un unmodified G-1]A. Some concern cxiseu 438 to the accepta- :
bility of the {mpact angle, which is as high as 50" botween 400 to 600 feect
of altitude loss, ané whaether the cargo will overturn &t impact.

(2) Cargo Release Force

The computer rasults illustrate that the cargo releasc
force has a snall effect on the magnitude of the snatch and opening shock
forces. The ¥ollowing table illustrates these results.

\1

'RéiSQsi“Fékedf Snatch Forc‘ Opening Shock
() e (1) .Lth“
2000 6450 T 6470 | -
3500 6460 i 6480
6000 6490 | 6520

) Drogue Parachute Rneftng

, ‘In-—the EXIARP system the é?osao parachute is used to
axtract the rccovery parachute(a) -and not the cargo. Therefore, the require-
ment of the drogue parachute is to extract the recovery parachute(s) in its
deployment bag (s) such that the bag does not hit the ramp during extraction.
The drag area of a 13-foot ring slot parachute was reduced to detarmine the
effect of drogus parachute size on the snatch force. The foliowing results
were obtained from the computer program.

15' R3 Drogue | Reefing Line Length {Parachute Snatch | Parachute Open-
Qgﬁ (ft) Force (1b) ing Shock (1b)
 100% | None © 6450 6480
B 80% 42.0 6280 6400
60% v 36.4 6010 6295

The above results were obtained by reducing the C.A of
the drogue parachute only and not changing the apparent and included mass of
the drogue parachute, which are reduced due to the reduction in canopy volume
associated with a C. A reduction. The decrease of these mass terms will tend
to further reduce tfe snatch force.

To obtain a reduction in C_A the ring slot parachute
must be reefed. The resulting reduction in force developed by a reefed canopy
cauges a decrease in the relative velocity between the recovery parachute in
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ita deployment bag (when oxtracted by the drogue parachutc) and tha-cargo

following sketch, , e

covers the expected inflation time of a G-ll1A recovery parachute using

In the aircraft. Thia resulta ina decrease in the snatch force.

Une problem associated with reefing the drogue para- - -
chute is the drop of the recovery parachute, in its deployment bag, along its o
trajectory in tlie alrcraft during extraction, The height of the bag above : -
the aircraft floor versus the distance the bag travels is plotted in the ‘

36' Critical Distance

[ ™

" Line
8
E{i_ |
B .
© 2p ~ L
, N s Unreafe ogue
] Unreatfed Dr |
8 Chute ‘|
e |
N '
ﬁ-&l:n .
- WY
. © .- 80% :
o g S QDA ,ﬂl
3 _1§ BN A | -
e !
0 10 CTUTeel .30 40

Distance Parachute Bag Travals in A/C (ft)

Thu curves above are conservative in nature, since the initial restraint

(ties) of the bag to the cargo has been neglected. This restraint causes
higher accelerations than those associated with a no-restraint situation,
and will tend to reduce the bag height loss with horizontal travel.

{4) Canopy Inflation Time

In analyzing the effects of the canopy inflation time
on the gystem pecformance, general case II described previously in this
section was employed and the inflation time was the only parameter varied.
Inflation times from &4 to 10 seconds were investigated, since this range

the vent pull down technique. (Phase I test results indicate inflation times
legs than 5.0 seconds for the 85' centerline vent pull down system, and 8.5
seconds for an unmodified G-11A parachute),

By plotting the altitude loss when the cargo vertical
velocity never exceeds 23 fps versus inflation time, the increase in altitude
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loss with inflation time in cleerly illustrated, sce Figure 74, Though
the curve {s non linear,a transition in the cvrve occurs at approximately
6.5 seconds,with the inflation times lnwer than this value being less
sensicive to time variation than those values greater than 6.5 seconds.
Hence, inflation times for three parschute clusters (which is being invest-
igated {n Case II) should be less than 6.5 seconds for minimum sensitivity

to inflation time. The change (n altitude loss in this time region being
22 feet/second of inflation time.

Selection of shortest time for optimum performance
is implied by the results presented in Figure 74, however, to select the

optimum time the horizontal velocity and oscillatiou angle must be considered.

These parameters increase in value as the inflation time decreases, and could
cause unacceptable impact conditions. However, for the three tests conducted

at 500 foot altitude the cargo impact was acceptab’e. The maximum weight
dropped from this altitude was 15,000 pounds.

(3) Line Length

The line length of the general three-parachute cluster
case 11 was varied for different filling times to determine effect of varying
the line lengtr. The line length variation was kept within & realistic
operating range for the extraction by recovery parachutes system. The case
studied, included filling times of 5 and 7 seconds and line lengths ranging
from 118.5 to 158.5 feet. The scceptability of the 118.5 feet line length

is questionable from a flight safety standpoint, however, it was run to
determine its desirability, {f any.

Pigure 73 illustrates that the lowest altitude loss
occurs for the shortest line length and the shortest inflation time. However,

very little reduction in sltitude loss is developed by shortening the line
length below 135 feet.

(6) Cluster Efficiency Factor

The three-parachute, 12,000 pound cargo case was
used to analyze the effect of reducing the cluster efficiency factor or
total cluster parachute drag on system performance. Three differenct cluster
factors were studied, 1.0, .95 and .85 and the results plotted. Thece
results showed very little change in the shape of the plotted curves for the
cargo descent trajectory and the alcitude loss versus cargo horizontal and
vertical velocities. The sltitude loss increesed slightly for decreasing
clugter factor; however, the major parameter varistion was the cargo-
parachute equilibrium descent velocity. The equilibrium velocity varies

#s the square root of the cluster efficiency factor and for values less than
éme the equilibrium velocity increases.

For low altitude airdrops of heavy cargoes the develop-
ment of steady state descent of the parachute-cargo system is unlikely, and
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Thase results cccurrwd buacause the seme Line langth wes ussl for eack z2ax.s,
howaver, tor a-xcra“ts such as thﬁ S=lil ani 0-5A the mast fivward b?ﬁiti?n
1 ¢£f the cargo will raguire & longey lima length anl may -canse signiii-ar

varistions tc tha axtrwaction forcas and th: carge dascant valiolties, As
previcusly discusssd, ircreasing lina lengtihs may causs increassd sltisuds
lossee and horizontal impact velszitiag, Thi future c¢f l:w alrituda aix
dalivary frem oversizs carge alrcralt may bin gm en thz sclutlin for chis cerge
axtracticn problem, Ceomputer studies such as thoss presantly balag paciowmal by
AAT would grea:tly raduce the werk waguivad to detarmins the system poristmens

. for tha extyaction of cargees frowm alrowaft such as the C-l4% and C-5A,

TR

: Invastigeeicon cf ths comput=y rasults for the csxgo
' locaticns studlel revealed that the systewm psrformancs was not sffzcted by
1Togm
83

thae warlation in cargo position. The aLffavense in altituds loss was
than 10 feet for the cases studied,
3 (8) Plazf>rn Length
3 :
3 nrm ler gth sirng thz same weight carge was
varied from L2 t¢ » résusts show=3i vary little variation In
bk parformence.
PR
Lo o . .
s (9) Afrcrarc “alouity
2 3
| “ha cperational aiveraft spiad rang: studied was (10 3
: ts 150 kuots for alrdrop of a 12,000 pound cargs, Zhe nffzet of tha alvrnraft 3
3 velccity on ths cargo descent fralaitury and carge velcclty is v«g'xg lhle faxm : k
3 this spe«d rangs. Thi: most signiflicant =ffect of the varisti-n In sicorsic ' ;
;;E spasd is that tha snatch ani opsning stk forcss ers iPG?:&Sb” by a ,actrc ;
cf L7 when tha speed incrzases f£rom LLD o L5
extraction foress, tha spateh £.x-e gut-mustor s :
. at the airexaft sp==d cf LR) kiuts., Proliminary '
TL5N irnrease In thi ewtvactlon fowoss ngust? by 1
i feom 13D knnts o the marmum of L5350 knerns,
i i
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(l0) Cargo Weight

The cargo welght paramcter is used to indicate
the expected performance ol the BXIARP system, Actual flight tosts have

demonstrated system foasibility for cargoes weighing up to 15,000 pounds,
and have indicated that acceptable low altitude performance may be doveloped
for cargves weighing up to 25,000 pounds, This study has been used to

extend this investigation to the maximum cargoe weight of 35,000 pounds
to be airdropped at low atlitude.

Based on fiight test results and computer
analyses the following cargo weight range as a function cf the number of

parachutes was developed, The maximum cargo welght in each weight range
was analyzed in this study,

Number of G-3)* Cargo Weight Range
Recovery Parachutes (Pounds)

~ 2,000 - 5,000

5,000 - 10,000
10,000 - 15,000
15,000 - 20,000
20,000 - 25,000
25,000 - 30,000
30,000 - 35,000

|

Since numerous other parameters are dependent on
the cargo weight, the value of these parameters was varied as the cargo
weight changed., These parameters include:

SN P WwWwN -

e cargo tumbling moment of inertia

e platform length

e longitudinal and vertical distances from
the extraction point of the cargo center
of gravity ‘

® cargo release force (rail lock setting)

e drogue parachute size, weight and initial
position

e parachute bag drag function

The results predicted by the two:dimensional
computer program using the empirically determined parachute inflation
times are presented in Figure 76, The curve for altitude loss to V, « 23
fps versus rigged cargo weight does not clearly indicate the minimu%
altitude loss for a successful low altitude airdrop since the horizontal
velocity and impact angle of the cargo must be considered. The curve
intersects the 500 feet altitude loss value just prior to 35,000 pounds
for the cargo weight. To achieve a successful airdrop for this maximum
cargo weight the altitude would in all probability have to be increased
possibly to the 550-600 foot region to achieve an acceptable rate of
descent,
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S. HRigh Altitude Drop Zone Study

Since the EXIARP system used asrodynamic dacelerators

(ztzachutes) for recovary of airdrop cargons, any reduction in air density
w11l tand to dagrade the system performance. For this reason AAL has sttempted
*u overdesign the daceleration capabilities of the EXIARP system for operation
2t ssa level drop sonss (standard day conditions). The critericn of never ex-
craiing 28.5 fps for the cargo vertical velocity after 500 fest of descent at a
,uoo foct drop zone and lLOO°F temperature has been used for determining the

rreeotability of an alrdrop. Therefore, most cargoes in the U. S. Army airdrop
*nzﬂ—*ory will not require additional decalerators or an increasad altitude

Lo rhe terrain for operations carriad out to drop sones of 5000 fast elevation
aﬂi 1J0"F temperatures.

To illustrate the degradation in system performance caused
by a raduction in air density, a 12,000 pound cargo (general Case ::) has beon

avalyzed for drop gones at 5000 feet and 4157, 10,000 feet and 23°r and 15,000
fuet and 6°F.

Fi. .res 77 and 78 indicate the system performance variation
frr alr genoiciea trom a minimum value of ,0015 to & maximum value of .00313
slugs/ft”. The figures illustrate that decreasing air density causeas the ex-
tyastion forces and altitude loss to acceptable vertical velocity to increase
ar4 the cargo horizontal velocity to decrease. The altitude loss differs by only
80 feat for the alr density range, illustrating little sensitivity, whereas the
extraztion forces are significantly affacted by tha air density.

The «<nat:" <orce is dapendent on the true air speed, which,
Cim turn, 148 laver. i affr ..y by the air density. The following equation relates
tta indicated airspeed, true airspeed and the air density,

Vi = Vias___

, -
\Nog
whare VIAS = indicated airspeed
VT == true airspsed
e = air density
GL a= sea level air density

Th.avitora, for a constant indicated airspeed and decreasing air density

(i*::cas~ng altitude), the true airspeed increases causing the snatch
firne to increase. |
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F. T.1.B, (Technical Integration and Evaluation) Study
1. Introduction

The data required by Dunlap and Associates, Inc,, as set
forth in their report entitled "Information Requirements for Technical
Integration and Evaluation of Low Altitude Cargo Airdrop Systems" (16)
has been presented it AAI Report No., ER=6035 and is sunmarized in this
section, The data requircments set forth in the above report include

evaluation parameters for specific loads in the U. 8. Army airdrop inventory,

performance of specific airdrop cargoes in various environmentai and aircraft
drop conditions and additional supplemntary considarations including relia-
bility, sensitivity, flexibility, signature, residue and ccat data,

The most denirable source of data is from actual ailrdrop tests.

Howaver, the rumber of airdrop tecte wvere limited and tests could not be
conducted for the specific losa items set forth in the T.I.E. requirements,
Therefore, the majority of the inform tion ruquirad for the T.1.E. report

was generated from computational techniques. AAl developed a mathematical
model in the form of a computer program to predict expected results for

cargo airdrops using zecovery parachutes for extraction. The theoretical
rasults obtained from this computer program agree very well with the teet
results with the exception of predicting the correct oscillation angles.

2. Effectivenass Parameters

In order to evaluats the effectivoncoc of a ayntam. it is
necessary to examine the effects on performance of the variances in the more
important system parameters. The T.I.E. contractor providad a list of thege

parameters and a dual approach has been taken to generate the desired effective-

ness valuas., First, emperical data from the airdrop tests were used, wherever
possible, to establish these values; and second, mathematicai models were
developed, checked against the emperical data, and then used to predict
expected effectiveness in those regions where emperical data was lacking.

Due to the limited nature of the emperical data this second approach, the

use of the mathematical model, was the technique most generally employed.

The following is a list of parameters for which effectiveness
studies were made.

Drop sequence and times

Accuracy measurements

Maximum forces and force histories

Impact characteristics

Minimum drop altitudes

Multiple load restrictions

Cumulative drop times

Compatibility with existing personnel system
Aircraft utilization
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In addition to the above pazameters, scveral specific conditions

were evaluated which included environmental conditions and high altitude drop
zones.

3. Supplementary Considerations

In addition to the presentation of the results of investigations
of the effuctiveness parameters in the aforementioned report, several supple-
montary considerations are prerented. These considerations iunclude,

Reliability

Sensitivity and flexibility
Signature and residuvs

Costs

The reliability considerations presented include both mechanical
and human rveliability. Por mechanical reliability, a ligting of the failure
sources and associated information such as numerical reliability estimates,
failure effects, detectability and failsafe features is given. The human
reliability analyses are made through comparison of the human oporationl of
the EXIARP system and the standard aystem.

Sensitivity, for analysis purposes, was considered to be the
deviation of operational parameters such as aircraft speed and altitude, and
load weight caused by human and instrumentation errors. A range of variation
was assigned to each parameter and the effect of these variations congidered.
Flexibility was considered to be a large plannsd change in plrlmctor values,
Again a set range of variation was considered.

The signature, residue, and cost of the EXI&R?ilyntcm was
compared to the standard system and the results presented in the T.I.E. report.
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V. CONGLUSIONS AND RECOMMENDATIONS

The purpose of this program was to conduct an in-depth exploratory
development investigation of the EXIARP concept with the objective being the
eotablishment of feasible and practical designa for a low altitude airdrop
system which ugses inflation-aided recovery parachutes for extcaction. To
attain the objectives, a plan employing a combination of design, analysis and
testing was pursued wherein the teats were a dominant factur since by this
meana feanibility and practicality was determined., Originally it had “een
planned to conclude the program with a seriea of demonstration airdrops from
a 500 foot altitude, Circumstances, however, led to termination of the
test program before this could be achieved and demonatration airdrops
employing & 15,000 pound cargo were the only tests conducted at low altitude.
Development teats, howsver, from a 2000 foot altitude for cargoes weighing
up to 25,000 pounds were completed hefore termination of the test program,
and analysis of the results indicate, that satisfactory performance from a
300 foot altitude for cargoes up to this weight value nay be expectaed.
Mathematical models simulating the functioning of the system were checked
against experimental data from the test program and refined, where naecessary,
so that generally good corralation of predicted and actual performance was
obtained. These mathematical models were then used to obtain predicted
performance in cthe cargo weight ranges, and for the equipment combinations,
where test results were not available. The major findings of this program
are summarized in the following list:

1. The inflation time for parachutes equipped with inflector type
inflation aids was reduced somewhat. However, for both aingle
and cluaster parachute configurations these inflectors induced
high system oscillations lnd their use in the EXIARP system is
not recommended.

2., Oscillation damping parachutes in the low cargo weight range
results in optimum performance, i.e., very low oscillation
with acceptable altitude losses, However, the added cost,
additional rigging time, and the complexity it adds to the
system is not warranted since the system without these oscilla-

tion parachutes gives acceptable (but not optimum) performance. =

3. The 95 foot centerline increased the drag characteristic of
the G=11A canopy significantly. Acceptable cargo vartical
valocities were uvbtained with canopy loadings of 5000 pounds/
parachute where this length centerline was installed.

4. Centerlines are highly effecrive in reducing the inflation time
of both the G-12D and G-11A parachutes. Inflation times in the
order of 5 seconds were obtained on the G-11A parachute using
& 95 foot centerline as compared to 8.5 seconds for a standard
parachute.
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P I Undrawn nylon forge attonu&tornfvere used in conjunction - - . Lo
S yg,with ‘paraghute reefing technjicues to conirol the peak P R (A
o forces’ duriﬂg ‘extraction, and tre forces in the suspension g Lo T
" lines. after” force transfer.. This technique proved to ha '
very effective and its development is conaidered to be & .
ma jor program accomglishmont. The peak forces were limited _ :
to values melow the 1.5 g goal. The-force attenuators are . N L A
the key elements in this system. They, acting alone, limit S i
SRS - the snatch force to acceptable values, and work in conjunétion ‘ k|
SR with skirt reefing of the parachutes to control the opening
e ghook forces, 1h= attenuator configurations developed during
.. the course of the tes: program are 3imp1e to fabricate and essy
" te 1nsta11 and’ are recommendéd for this tvpe of problem.

-“ 6$ “the following reefing line arrangements proved efﬁpctive for o o =
- keefing ‘the G-11A parachute and are recommended where this ' SR
parachute is used in the EXIARP system. ‘ '

.} Reefing Line'Langth
Parachutes And Qutter

1or2 | 19 feet/2 second cutter»

’fff | - 13 0ra 23 feet/Z‘second cutter

23 feet/2 second cutter

7 . . .
3 Fhr“'”, * 60 feet/4 setond cutter [P

%* Not Tested

7. The two and four second reefing cutter delay times are -
optimum from a systems standpoint, However, they are standard
items and the improvement of system performarce roalized’ by
optim1zing their design does not warrant the development costs.

8. Tha variance in tbe delay times of the reéefing cutters was a
ma jor source of trouble in multiple parachute airdrops. When
the functioning times for these cutters is staggered, the
parachute which is first to be disreefed, inflates much more

. rapidly than the otkars and in scme 1nstan0es was damaged or
destroyed. The use of a secondary reafing line (60 feet
with a 4 second delay) was proposed as a control for this
problem but termination of the test program occurred hefore it
was tested.
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Thia similarity to the standard airdrop system would mirimiza re-
training reguizements and simplify the problems of introducing
- the EXIARP concept as an opera:ionel system

9. In the long cargo compavtments of the C-14l and C-5A sirplanes
and at particular cargo configurations consisting of several
units of light cargo, the EXIARP coxcept would be subjest to
some daccement in sircraft utilizs®lfoa when compared to the
standard system. This problem is aiso & function of operationsl
procedures, i.e., whether the cax3oes are airdropped sequentislly

... or individually. This utiligzetlon factor diminiehes in impoxt-
. ance as the weight of the individual cargoes incresses and the
loading becomes waight limited rather than spsace limited.

IR . N T P PR R
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S

1¢. Further undorstanding leading to a definition of the limite
- that can be tolerated in the horizorntal oscillations of the
i : _ cargo-parachute system is needed. The EXIARP, and othar systems
b as well, are subject to thess oscill:tions. it can be corrected
by the use of oscillation parachutez, but these complicate the
system gomewhat and the desire 1s to .avoid thcir use if possible.

i1, The feasibility and practicslity of the EY*ARP concept has been -
demonstrated by actual airdrop from 500 feet for & 15,000
F o . pound cargo only. Lue zo the similarity of doaign‘pluo the
. . +  results of the 2000 foot altitude developmentel airdrops, it
B . seems reasonable to project thi: property cof feasibility to the

, : o range of cargo weights from 2000 through 20,000 pounds. One
Ny 7w airdrop was performed on a 25,000 pournd cargo and the trajectory
' - y_~dlta cbtained encourages the posaibility of including this caxgo. -
. in the feasible sec. The probabil tcies; however, do nat favor '
the extension of this 3500 foot altitude airdrop capability to
include the 35,000 pound cargoes. The theoretical studies
indicate thut feasibility is loet somewhere between 30,000 and
35,000 pounds and that these cargoes must he girdropped from an
increaaed altitude in oxder to satisfy acceptable cargo impact
- conditions.

12. A gcod undergtanding o»f the prob;ble composition of a pra»t*car
EXIARP gyatem emerged from this program. Recommendatiorns as to
the composition of the equipment &s & function of cargo weight .
ia presented in Table II.
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